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Abstract:

This paper develops two extensions of the dynamic model presented in Melitz (2003). The first
extension consists in the introduction of technology choice between three alternative production
technologies: L, M and H. L is assumed to be the same as Melitz’s single production technology,
while M and H are assumed to be superior production technologies, stemming this superiority from the
fact these technologies substitute the more primitive capital goods used in technology L with newer,
updated versions which embody technological advances, and also from the fact that M and H are more
skill-intensive than L. Technologies M and H are equally skill-intensive, but H still is superior to M
because it incorporates world-technology-frontier capital goods, while the capital goods used in M are
below such frontier. The second extension consists in the introduction of two different exporting
profiles: “Low-Commitment Exporters” —who make the minimum possible investment required to
penetrate export markets- and “High-Commitment Exporters” —who are ready to make additional
trade-related investments in order to gain additional export sales-.

Under certain restrictions the model reaches an equilibrium both in the closed and open economy
settings, which share with Melitz’s the dependence of the number of incumbent firms on the size of
the economy and on the number of trading partners, as well as the independence from them of the rest
of the key variables describing the equilibriums. So long it is assumed that the most primitive
production technology in this model coincides with Melitz’s single production technology, the
productivity threshold to enter the industry as well as the average productivity of all incumbent firms
“at the factory gate” are also the same in both models, in both settings. However, average revenue and
profits are always higher in the model with technology choice.

On other grounds, an interesting feature that emerges in the model with technology choice —and was
precluded by construction in the Melitz (2003) model- is that in equilibrium a redistribution of
resources takes place, from the two superior production technologies toward the most primitive
production technology, both in autarky and in the open economy. Finally, the present model shares
Melitz’s result that when the economy opens up to trade increased competition reallocates market
shares towards firms with higher idiosyncratic productivity, forcing the least productive ones out of
the market, with the consequence that the productivity threshold to enter the industry rises and
therefore so does average productivity “at the factory gate”. However, other factors influencing static
welfare —variety, additional trade-related investments, transport costs and the impact of technology
choice on average variable production cost- lead to an ambiguous outcome, which is another
difference with the Melitz (2003) model, in which static welfare undoubtedly increased. The present
model also allows for the evaluation of the impact of trade on dynamic welfare, but yields an
indefinite result in this respect unless additional assumptions are made regarding the distribution of
idiosyncratic productivities and the value of parameters. When it comes to individual firms’
performance, the more efficient ones respond better to trade than their less efficient competitors both
in terms of the change in their market share and profits, unless the new market conditions force them
to downgrade technology, putting them at a disadvantage compared to those who have not.

It is worth noting that despite the model presented in this paper does not require that the superior
technologies employ imported capital goods —it is only required that the quality of the capital goods
they employ be superior-, if we think of it in terms of the empirics it is natural to arrive to the
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conclusion that the country of origin of the intermediate capital goods is determinant of their quality —
being this higher the shorter the distance between the technology frontier belonging to the country
where the capital good in question was produced and the world-technology-frontier-. This highlights
the crucial influence that a country’s choice of its trading partners may exert over the productivity it
will be able to achieve, and consequently over its growth trajectory.
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resources’ redistribution— monopolistic competition
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1. Introduction

Recent empirical studies on the subjects of growth and convergence have reached the conclusion that
nowadays most of the world’s technical progress originates in a handful of rich leading countries: the
United States, Germany, France, Japan and Great Britain®. Thus, for the great majority of countries
foreign sources of technology account for most of the increase in domestic productivity? being its
contribution estimated in 90% of the total increase or more®. All this reveals that the path of technical
change at world-wide level is determined to a great extent by international technology diffusion.

However, despite technical progress diffuses rapidly from the countries where it originates towards the
rest of the world through different channels’, it is not immediately absorbed. This observation has
given rise to an abundant literature which intends to explain what causes the different levels and
speeds of absorption of technical progress shown by potential receptors, both at the macroeconomic
and microeconomic levels. This literature has coined the term “barriers to technology adoption” to
reflect the concept that technology transfer is a process which takes place between a source and a
receptor and whose intensity and speed are determined not only by the transmissibility of
technological progress itself —which used to be the focus of the first studies on the subject-, but also by
the characteristics of both the source and the receptor of the technology flow. These barriers can be
modeled in many ways and taking different approaches, but nevertheless the basic underlying idea
remains that the potential receptor must possess certain characteristics to be in grade of taking
advantage from such innovations.

Getting to individualize which are these key characteristics is a crucial step towards identifying the
specific mechanisms through which international technology transfer actually occurs and towards
uncovering the reasons why different potential receptors benefit so unevenly from it. In particular, one
of the most important questions posed is why are there so many low and medium income countries in
the world which are permanently lagging in technology, while others satisfactorily follow up the
rhythm of expansion of the world-technology-frontier and remain as a consequence on the technology
lead, even if they are getting most of their technological progress from foreign sources’.

Technology adoption barriers can be modeled in many different ways. One option which has received
considerable attention in the literature relates this concept with a problem which may emerge when it
is allowed that different alternative production technologies coexist®. The basic idea behind this
approach is that the technology choice compatible with achieving static efficiency —such that resources
are efficiently allocated in the short run— may not coincide with the technology choice that would lead
to dynamic efficiency —the highest achievable growth—. As a consequence of this, short run objectives
would be in conflict with long run objectives, causing an inefficient equilibrium to materialize. This
suboptimal situation would tend to worsen as time passes and the world-technology-frontier continues
its expansion, widening the gap between itself and the technologically lagging country. This
hypothesis has been explored in the literature both from macroeconomic —country level studies- and

! Eaton and Kortum (1995b). Keller (2001) also include Italy and Canada in this group, so long they are counted among the
seven major R&D producers in the world.

2 Keller (2000, 2004), Eaton and Kortum (1995a, 1995b, 1997), among others.

% Keller (2004), Eaton and Kortum (1995b).

* One of the most important technology diffusion channels mentioned in the literature is international trade, particularly trade
in capital goods, whose relevance has been confirmed by various empirical studies, such as Eaton and Kortum (1997, 2001)
and Coe, Helpman and Hoffmaister (1995). The underlying idea when considering trade as a vehicle for the transmission of
technical progress is that goods embody the best technology available in the place and time of their production, which in turn
determines that goods produced in countries whose national technology frontier is closer to the world-technology-frontier be
superior in quality (compared to goods produced in countries whose national technology frontier is farther from the world-
technology-frontier). When referring to intermediate capital goods in particular, superior quality is usually interpreted as
greater efficiency when used in production.

5 Eaton and Kortum (1995a, 1995b) find that, except for the United States, all OECD countries derive almost all of their
productivity growth from foreign sources of technical progress. According to their estimations, even the United States, which
is the world’s main R&D producer, derives more than 40% of its productivity growth from innovations occurred abroad.

® This leads us into questioning a basic assumption of early studies on growth and convergence, namely the existence of
identical production functions across countries or firms (according to the study’s level of aggregation).



microeconomic —firm level studies- perspectives and some contributions include Caselli and Coleman
(2000), Basu and Weil (1998), Restuccia (2004) and Zeira (1998).

The monopolistic competition model presented in Melitz (2003) —which will be used as a departing
point for the construction of the present model-, is not itself a model “of appropriate technology” as it
assumes the existence of a single production technology common to all firms. Nevertheless, it
provides an innovative element to approach the concept of barriers to technology adoption: the
idiosyncratic productivity of every firm. In Melitz’s model all firms use the same production
technology but are heterogeneous in terms of their idiosyncratic productivity, being this heterogeneity
modeled through an exogenous productivity distribution, of which every individual idiosyncratic
productivity parameter is a realization. As a consequence of this heterogeneity, both in the closed as
well as in the open economy settings, the model reaches an equilibrium in which differently
productive firms obtain different results, corresponding in both cases higher market shares and profits
to more productive firms. The concept of heterogeneity in the idiosyncratic productivity taken from
Melitz (2003) will be key to modeling the choice between alternative production technologies and the
barriers to the absorption of technical progress in the present model. It will also be central to modeling
firms’ market strategy choice.

An important thing to consider in more detail on reaching this point is the role of human capital and
the specific ways in which it is incorporated into models with technology choice and barriers to
technology adoption. The idea of new technologies being complementary with human capital has been
extensively explored in the literature’, and has had an impact on the approach to thinking and
modeling human capital in the present context, growing farther from the quantification and analysis of
the impact of human capital in itself —attempting to isolate it-, and paying increasing attention to the
interaction between human capital and technical progress. Bustos (2005) incorporates this concept into
a model of monopolistic competition with firms that are heterogeneous in their idiosyncratic
productivities a la Melitz. In her model firms must choose between two alternative production
technologies: a modern technology —which uses updated capital goods and is intensive in skilled labor-
and a traditional technology —which uses more primitive capital goods and is intensive in unskilled
labor-. Firms also have to decide whether to export or serve only the domestic market. Working with
data from Argentinean industrial firms during the trade and capital account liberalization process
undertaken by the country in the early 1990s, she finds empirical support for the hypothesis that
technical change is skewed towards technologies that are complementary with human capital.

2. Basic Assumptions of the Model®
2.1 Demand

It is assumed that the demand side is characterized by a representative consumer with CES preferences
over a continuum of varieties of good gq:

U= [ N q(i)ﬂdi]% 1)

where N is the number of available varieties indexed by i. These varieties of good g are substitutes,
implying 0 < p < 1 and an elasticity of substitution between any two goods of ¢ = ﬁ > 1.

Using the well known derivation by Dixit and Stiglitz (1977), the set of available varieties is modeled
as an aggregate good Q = U whose aggregate price is:

7 Bartel and Source (1987), Acemoglu (1998, 2003) and Krusell et. al. (2000) among others.
8 This model builds on Melitz (2003) and also incorporates some key elements from Bustos (2005).
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p= [ N p(i)l_"di]l_” @)
As usual, consumers maximize their utility subject to the budget constraint:
N . . .
J, P(DqDdi = E @)

where p(i) is the price of variety i and E is total expenditure in good q. This process yields the
demand for each variety:

q =£(20)” (4)

Optimal consumption and expenditure decisions for individual varieties are then given by:

a0 =0 (22" (5)
(i) = R (@)H (6)

where R = PQ = fONr(i)di denotes aggregate expenditure.

2.2 Production

The market structure is Monopolistic Competition, with a free entry condition and a la Melitz (2003)

heterogeneous firms®, each of whom produce a different variety. Technology choice is modeled
following the approach in Bustos (2005), but here the set of alternatives is extended to include three
distinct options, with the purpose of making it possible to evaluate the impact of different-quality
technologies while holding skill-intensity constant. Each technology features a constant marginal cost
(c), which reflects the payments to two types of labor used in fixed proportions, skilled (S) and
unskilled (U), and a fixed cost (f), which in turn reflects the cost of the machinery needed for
production.

Entering production with technology L involves the lowest fixed cost because it implies the usage of
an inferior (older, more primitive) technology, embodied in machines that are assumed to be therefore
cheaper than the higher-quality machines used in the other two technologies, M and H. On the other
hand, using technology L implies facing a higher marginal cost than those corresponding to
technologies M and H. The reason is that technology L employs the highest proportion of unskilled
labor, which despite earning a lower salary than skilled labor, is also less productive, which brings
about the overall result of a higher marginal cost in this technology relative to technologies M and H.

Adopting technology M involves facing a fixed cost which is higher than that needed to begin
production with technology L, but lower than the fixed cost needed to acquire technology H, as the
machines it uses for production embody an intermediate-quality technology, not as primitive as the
one employed in L, nor as advanced as the one required by H'. Technology M is more skill-intensive
than technology L, which means that it has a lower associated marginal cost.

Finally, adopting technology H implies paying the highest fixed cost, as this technology employs
machines which embody world-technology-frontier technology, which are assumed to be the most

® Melitz’s heterogeneity can be interpreted either in terms of “quantitative differences” —producing a symmetric variety at
lower marginal cost- or in terms of “qualitative differences” —producing a higher quality variety at equal cost-.

10 The underlying idea is that technology M employs updated capital goods, but procedent from countries which are below
the world-technology-frontier.



efficient and expensive. Regarding the marginal cost, technology H features a novelty: despite having
the same degree of skill-intensity as technology M, it still achieves a lower marginal cost due to a
“productivity enhancing effect” brought about by the superiority of the machines used. Put in other
words, equally skilled workers exhibit higher efficiency when working with H-type machines
(compared to M-type machines), because these allow for a more efficient use of labor in general.

With a minor modification, Bustos (2005) Total Cost function allows to accommodate the three above
outlined technologies:

TCT(¢)=fT+cT§ : T=1LMH )

where:
= ¢ > 0 indexes idyosincratic productivity
" fi<fu<fu
=L >Cy>Cy
Ws
" oc=ay +W_uaLS
where w,, is the salary paid to unskilled workers and wy is the salary paid to skilled workers.
Ws
cy =ayy t W, ms
aus -,
amu
Ws Ws
" ocy= [aHU + W_aHS] A—ay) = [aMU + W_aMS] A —ay)

u u. - - - -
because ayy = ayy and ays = ays - That is, technologies M and H are equally skill-intensive,
remaining the only difference between them the “productivity enhancing effect” 0 < ay < 1,
which stems from the superior quality of the technology embodied in H-type machines and has an
homogeneous enhancing effect on the productivity of both skilled and unskilled labor'. This
results in cy being lower than cy,.

being Zﬁ as technology M is more skill-intensive than technology L.
LU

3. Firm Profit Maximization in the Closed Economy

The assumption of CES preferences leads to all firms facing residual demand curves with constant
elasticity o and consequently choosing the same profit maximizing constant markup a%1 =% over

marginal cost. This results in the following exprssions for technology-specific price, quantity sold,
revenue and profits'%;

HOERS: @®)

qz(p) = EP°? (p %)G =EP°! (pgt(p)) (9)
o—1

1 (9) = pi(9)ai(p) = E (Pp ﬁ) (10)

nio) =)~ fr =2 E(P02) " ~fy (11)

It is important to note that the ratios of any two firms’ outputs and revenues depend both on their
respective idiosyncratic productivities and on the production technology used by each:

11 |f the “productivity enhancing effect” is zero then there is no difference between technologies M and H and thus the model
reduces to Bustos’ case, with only two distinct technologies. If the “productivity enhancing effect” is one then then it is so
strong that drives the variable cost in technology H to zero.

12 The subindex “d” stands for “domestic market”.
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a\¥i) __ <_2 ) and -4l — <_¢p2 > (12)

! - ! -
a5 (@2) o 3 (92) o
The following conclusions are readily obtained from the above expression:

e For any two firms producing with the same technology (T = T'), the most productive one will
charge a lower price, consequently achieve larger output and revenues, and earn higher profits
than the other, less productive firm®.

e For any two equally productive firms (¢; = ¢,), the one using a superior technology will
charge a lower price and thus achieve larger output and revenues than the other, less
productive firm.

3.1 Firm Entry and Exit in the Closed Economy

Prospective entrants to the industry are required to make an initial fixed investment £,/ > 0 in order to
learn what their idiosyncratic productivity is. This is modeled like in Melitz (2003) as firms drawing
an exogenous productivity parameter ¢ from a common distribution g(¢) which has positive support
over (0,) and has a continuous cumulative distribution G(¢). Entry sunk costs are technology
specific, that is, a firm must pay £/ to begin production with technology T, being £t < fM < fH.
However, firms do not know their productivity parameter by the time they have to pay the entry cost,
and so they do not know which of these entry costs will correspond to them, not even if they will
successfully enter any of the three available technologies at all. Nevertheless, even though they do
have to pay “an” entry cost in order to be able to learn what their idiosyncratic productivity is, they are
allowed to pay “any” entry cost, so long when they finally discover which technology they will
effectively enter, they will pay up the amount needed to cover any resulting cost gap if such
technology happens to have a higher entry cost than that already paid by the firm. Thus, the rational
thing to do on the part of any prospective entrant is to sink the lowest possible entry cost (£), because
if it does not enter the industry, it suffers the minimum possible loss, and at the same time, if it
becomes a successful entrant, it does not risk ending up paying a greater entry cost than necessary™.
Unsuccessful entrants are those whose idiosyncratic productivity is too low to be compatible with their
making nonnegative profits, and consequently they will immediately exit without ever producing. On
the other hand, successful entrants will face from the moment they start production a technology
specific (though constant across productivity levels within the same technology) probability & in
every period of being hit with a bad shock which will put them out of the market. Although these
probabilities 57 need not coincide across technologies, for the time being we will consider they do.
Summing up, a firm will either exit immediately upon entry or otherwise produce and earn % (¢) > 0
in every period until it is hit with the bad shock and forced out of the market, which yields the
following firm’s value function:

8 This conclusion is shared with Melitz (2003).
¥ For example, if the firm decided to sink £, it not only risks a greater loss if it never successfully enters the industry at all,
but also risks paying (M — fF) extra if enters technology L. The same reasoning is valid (and intensified) if the firm decided
to sink £, Therefore, if the firm decides to take the chance to try to enter the industry, it will always sink ff. However, the
“real” entry cost it will pay if it turns to be a successful entrant is £, = £ + p7, (] — £) because once the firm has entered
the market and drawn its productivity parameter from the distribution g(¢), it will immediately decide one course of action
out of four:
e Exit immediately and never produce (if ¢ < @}), in which case it loses the amount £ it had already paid.
e  Start production with technology L (if ¢; < ¢ < ¢@y,), in which case the fixed (entry) cost remains the already paid
amount f.£.
e Switch immediately to technology M (if @3, < @ < ¢@};), in which case the fixed (entry) cost escalates from - to
M (the firm must add up to its initial payment the amount £ — £.£).
e Switch immediately to technology H (if ¢ > ¢j},), in which case the fixed (entry) cost escalates from £l to £/ (the
firm must add up to its initial payment the amount £ — £1).



vi(p) = max{0, iZo(1 = )" mh (@)} = max {0,774 ()] (13)

The threshold 7 = inf{(p: vi(p) > 0} identifies the lowest productivity level (Melitz’s “zero cutoff
productivity level”) firms need to have in order to make nonnegative profits when producing with
technology T. It is also possible to define some ¢ = @7 which stands for the minimum productivity
level for which it is convenient for the firm (in terms of profitability) to use technology T. Therefore,
@7 is the lowest productivity level of firms actually using technology T (the “effective cutoff
productivity level”). Note that for T=L we have @7 = @7 . Because the only exit process affecting the
equilibrium productivity distribution u(¢) is that occurring immediately upon entry, such distribution
u(e) is just the original distribution g(¢) conditional on successful entry:

g(@) . > *
u(p) = {17601 ye=e (14)

0 if p<eqp

The ex ante probability of successful entry to the industry —that is, entry into technology L “or
superior”®- is denoted pitM*H =1 — G(¢;) and defines the industry average productivity level
@ = @* (the mean productivity of all producing firms, no matter if they are using technology L, M or

H) as a function of the cutoff level ¢; :

1
=@ (p)) = [1 oo 0 1g(¢)d<p] (15)*
Analogously, it is possible to determine the mean productivity of the group of firms using technology
“M or superior” (that is, M or H), denoted by @" , as a function of the productivity threshold for the
adoption of technology M, ¢, as well as the mean productivity of the group of firms using
technology “H or superior” (that is, H), denoted by @*, as a function of the productivity threshold for
the adoption of technology H, ¢};:

1

M (i) = [1 o o 19(<p)al90]—1 (16)
And
oM (pi) = [1 o e @ lg(qa)dqo] (17)

Calculation of the average productivity level corresponding to each technology T requires taking into
account both the productivity threshold for the profitability of the adoption of such technology as well

15 This stems from the assumption that technology L is equivalent to the single production technology specified in Melitz
(2003). This means that this model preserves that technological option, while it introduces two additional options,
technologies M and H, which are “more advanced” and require higher entry productivity levels. As a consequence of this, a
firm which is unable to produce profitably using technology L, will be equally unable to produce profitably using
technologies M or H as well, while the converse is not true: a firm that can produce profitably using technology H will also
be able to produce profitably using either technology M or L, and a firm that can produce profitably using technology M will
also be able to produce profitably using technology L, while we cannot assure that it will be equally able to produce
profitably using technology H (it may or may not be able to produce profitably using technology H).

Therefore, we can affirm that p5rM+H = 1 — G(¢;) is the probability of successful entry into production with one of the
available production technologies: either L or M or H, and thus it is the probability of successful entry to the industry. This
pLFM*+H s conceptually equivalent to the probability of successful entry in Melitz (2003).

18 Exactly as it happens in the Melitz (2003) model, the assumption of a finite ¢ imposes certain restrictions on the size of the
upper tail of the distribution g(¢): the (¢ — 1)th uncentered moment of the upper tail must be finite.



as the productivity threshold for the profitability of the adoption of the immediately superior
technology:

1

Iy b o 1g(<;0)dqo]E (18)

1

@L((pz' (pl*\g/l) [1 G((p )

Pu (@i, o1) = [1 G((p)fw” 97" 19(90)d<p]z (19)

Puoi) = ") = [ for 0”9 ()| 20)

The ex ante probabilites of successful and profitable entry to technologies L, M and H are respectively
Pin = G(oy) — G(91), Pl = G(oi) — G(@yy) and pjy, = 1 - G(@p)."

In order for the thresholds for adopting each of the three available production technologies to lie in the
desired order (¢; < @y < @p), it is required that the gain obtained by a firm with a given
productivity level ¢ when switching to a superior technology be smaller “in proportion” to the
increase in the fixed cost it simultaneously faces, so that an increase in ¢ is needed to compensate for
this drawback and make the upgrading of technology profitable.

Since each of these average productivity levels @, is completely determined by the minimum
productivity level for which it is convenient for the firm (in terms of profitability) to use technology T
(e¢7) and that corresponding to the profitability of adoption of the immediate superior technology
(p3.1)", then the average profit and revenue levels corresponding to each production technology are
also linked to these thresholds:

~ * % o-1
7 =i (@) = (PELR) r(oh) T=LMH 21)
_ - ~ ( *’ * ) o—1 T( *)
a§ =l (@) = (Berera)) @D _ g T=LMH (22)%

But these thresholds ¢7 are in turn linked to the cutoff productivity levels corresponding to
technology T (¢7):

. _{or ifT=L
‘pT‘{¢;*+s ifr=mpu 70

This allows a generalization of a central relation in Melitz (2003) to also hold in the technology choice
framework, namely that the “Effective Cutoff overall Profit condition for technology T” (ECPT) -
which in the autarky setting coincides with the “Effective Cutoff domestic Profit condition for
technology T” (ECPY)- pins down the revenue gained by each technology’s effective cutoff firm® and

7 Note that @r (%, @%.1) = @7 (@%) only when T=H, while the same is not true for technologies L and M. The reason is
that H is the best technology available (there is not a technology “superior” to H, that is, when T=H there is not a T+1
technology, and consequently we assume in that case G(¢7,,) =1, meaning we have reached the upper tail of the
productivity distribution. Also note that these ex-ante probabilities of successful entry to each technology (p!,, T = L, M, H)
are calculated directly from the original distributiong(¢) instead of the modified distribution u(¢) because at this stage
(attempt of entry to the industry) all firms (including those who will eventually not succeed) are taken into account. Thus, for
the sake of calculating these probabilities the relevant distribution is g(¢), not u(¢).

8 If T=L then T+1=M, if T=M then T+1=H, if T=H there is no T+1 technology available (H is the best available
technology).

19 For easier derivation of equation (22) recall equation (11): ] (¢) = —rdT(<p) fr-

20 The “effective cutoff firm” for technology T is the least productive f| rm actually using technology T.



consequently implies a relationship between the average profit per firm using technology T and the
cutoff productivity level for the adoption of technology T:

my(pr) =4 o  ri(ep) =d(AL+fr) o @5 =ALhi(er) + frki(er) (23)

~ PR o—-1 ~ x % o—-1
where hY = [“’T((p;—‘;”“)]  kI(p3) = [("T((p;—’;’”"l) —1and A} > 0 is the profit gained by the
least idiosyncratically productive firm using technology T (a constant).* Note that when T=L, then
o7 = @3 and so mh(p;) =0 (that is: A% = 0). Consequently in such case 7 (¢3) = ofy and

g = frka(er).
The other Melitz (2003) central relation, the “Free Entry condition” is also generalized to the
technology choice framework taking as departing point the present value of the average profit flow of

the firm using technology T in the closed economy conditional on successful entry —which is also the
average value of firms using technology T in the closed economy:

vd =Yl = 67)" T[d = 5_”5 (24)

The net value of entry to production with technology T is then:

T =ph[of — (7 = £ - £ (25) |

where p!, = G(¢r.1) — G(g3) is the probability of successful entry to production with technology T.
If this value were negative, no firm would want to produce using technology T.

3.2 Aggregation Conditions in the Closed Economy

Assuming the industry is comprised of Z firms, there will be a proportion of % firms using technology

L, a proportion of % using technology M and a proportion of gfirms using technology H. L + M +

H = Z, meaning all incumbent firms in the industry must use one —and one only- of the three available
production technologies. Industry average productivity @ is a weighted average of the firms’
productivity levels —with firms’ output shares as weights- and is independent both from total firm
population Z and from the proportions of firms using each of the three available technologies, though
it will be useful to disaggregate the integral into three smaller ones, according to the thresholds for

upgrading technology®*:

s0—1 _ * o—-1 do = £ Pm o—1 d ﬂ oH o—1 d E . o-1 do =
@ @7 tu(p)de Z 7 tu(p)de + Z @7t u(e) pt—| @ ulp)de
0 o o ®n

L, o1 LM o-1 -
=26, 430 3o 0

2 Since @i > @3 and mh(py ) =0, then we know mJ(ps ) > 0. We already know as well that 7} = w}(py) =

~ * % o-1
(‘pT("’;'pr“)) la (;”T) — fr. Replacing  7J (%) = a(Ad +fr) in  this  equaton  we  obtain
T
71'5 — T[;g((ﬁ’r) — AT (@T(‘P;r¢:r+1)) + fr (‘PT(iﬂT ¢T+1)) —fr =
Pr(PT.9741) ( ) * X
= (k)™ g (2200000 ] 2 ALE o) + frkT ().
T Pr

22 Recall that knowing these proportions is not a necessary condition for the calculation of ¢, which had already been
obtained solely from g(¢) in combination with ¢;.
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where ¢j is the productivity threshold upon which it becomes profitable for the firm to have positive
production with technology L, ¢}, is the productivity threshold upon which it becomes profitable for
the firm to drop technology L and adopt technology M instead, and ¢j; is the productivity threshold
upon which it becomes profitable for the firm to drop technology M and adopt technology H instead.

In such autarkic equilibrium, the aggregate price, quantity, revenue and profits can be re expressed as
(proof in Appendix A):

1
p = [Lpé(ﬁL)l_g + Mp{ (@)™ + Hpg((ﬁH)l_J]l_” (27)
1
Q = [LCIé(@L)p +Mqll ()P + Hqg(@ﬂ)p]p (28)
R =Lri(¢.) + Mry'(¢pm) + Hrj (Py) =R, + Ry + Ry (29)
M = Luj(P) + Mrg (Py) + Hef (Fy) = T, + Ty + Ty (30)

The average price, quantity, revenue and profits in this industry in the closed economy setting are
obtained as a weighted average of the price, quantity, revenue and profits of each technological group,
where the weights are given by the proportion of firms belonging to each group in the total number of
firms in the industry, Z %:

1

_ P Lok(@)r=0 + M ph (g, )10 ¢ Byl (g, y1-o|=o

Pa=—"T= [Epé(m)l 7+ ZPd (@) + 5 pd (@) 6]1 ey
Z1-0

1

B L - M - H ~

Ta="% = [;ab(@)° +5 al @) +7 0 @]’ 2
yAY

_ R L - M - H ~

Fa= 7 =774 (@) + 573 (Pu) + 373 @n) 9

_ I L ~ M - H ~

Tq =E=Ené((pL) +;7T11;[((pM) +E”g(¢ﬁ) 39

3.3 Determination of the Equilibrium in the Closed Economy

The technology-specific Free Entry (FET) and Effective Cutoff Crofit (ECPT) conditions each link the
average profit level 7] and the cutoff productivity level @3 corresponding to the group of firms
producing with technology T. From equations (23) and (25) it is obtained:

7l = ALhL(o7) + frk (@) (ECPT) (35)

Tl —-——__fhjé;____ T _ L T
Ta = Glor)-aten T 0rUe = 1) (FET)

For each technology T, both functions have an interpretation in terms of the model in the interval of
the domain delimited by the thresholds for the adoption of the immediate inferior and the immediate
superior production technologies. As shown in Appendix B, under certain parameter restrictions each
FET curve will intersect with the corresponding ECPT curve and will do it in only one point, ensuring
the existence and uniqueness of the equilibrium ¢; and 7] for every production technology T. The
equilibriums for each production technology are illustrated in Figure 1:

2 These “theoretical” averages are calculated just in order to provide a rough measure of the industry’s “per firm
performance”. They need not coincide with the price, quantity, revenue and profits of any particular firm.
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Figure 1

If the gain obtained by a firm with a given productivity level ¢ when switching to a superior
technology is smaller “in proportion” to the increase in the fixed cost it simultaneously faces, then we
know ¢@; < @y < @, and thus the ordering of the average profit levels corresponding to each
technology must be 75 < ) < 7H. An important remark to make here is that the lowest value of the
FET and the highest value of the ECPT need not be as shown in Figure 1: they could be lower or
higher. Regarding both curves (for each technology T) we only know that both are continuous in the
interval delimited by the thresholds for the adoption of the immediately inferior and superior
technologies, and that the former is monotonically strictly increasing while the latter is monotonically
strictly decreasing in such interval. However, because the average productivity level is the highest
among technology H users, somewhat lower among technology M users, and the lowest among
technology L users, such ambiguity regarding the exact geometric position of the FET and ECPT
curves does not alter the result that the FEH and ECPH curves must intersect not only to the right but
also higher than the FEM and ECPM curves, and these in turn must intersect to the right and higher
than the FEL and ECP™ curves, as shown in Figure 1.

As we are focusing in steady-state equilibriums, not only the number of successful new entrants
pLtMHH7 . _where Z, is the total number of new entrants- must exactly replace the §Z firms who are
hit by a bad shock and exit (that is: p5fM+Hz, = §Z), but furthermore, the number of successful new
entrants into each technological group need exactly replace the number of failing incumbents amongst

the same technological group, so that all aggregate variables remain constant over time:

pinZe = 8,.L & [Goy) — G(9)Z, = 6, L (36)
pitZ, = 6uM o [G(o}) — G(piD]Z, = 6yM (37)
P{%Ze = 6HH < [1 - G(QD;J)]Ze = 6HH (38)

where p5.Z, + piZ, + pihZ, = piMtHz, and 6,L + 6yM + SyH = 52.%

Because both the successful entrants and failing incumbents draw their idiosyncratic productivity from
the same exogenous distribution g(¢), neither the equilibrium distribution u(¢) nor the proportions of
firms belonging to each technological group are affected by this firms’ turnover.

L M H
%5068 =208, + 6y + 6
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3.4 Analysis of the Equilibrium in the Closed Economy

The fact that skilled (S) and unskilled (U) labor are used in fixed proportions in each of the three
available production technologies makes it possible to relate the size of the industry —indexed by
Z =L+ M+ H- to the amount of total labor (skilled and unskilled) used. As a matter of fact, the
assumption of fixed proportions in all three production technologies facilitates enormously the analytic
treatment of labor because by completely eliminating the possibility that the proportions of S and U
employed in any of the technologies may vary, it reduces the difference between a model with
homogeneous labor and a model with different qualities of labor to an algebraic matter. Once the fixed
proportions in each technology are set, total labor —defined as total skilled plus total unskilled labor-
employed in each technology can be treated as a block and called just “labor” without any loss of
generality of the results that may emerge.

Total skilled labor employed in the industry is S = S; + S, + Sy and total unskilled labor employed
in the industry is U = U, + Uy + Uy. Therefore, aggregate labor in the industry is [S + U] =
(S +Sy+Sy)+ W, +Uy +U] =1[(S, +U) + (Sy +Uy) + (Sy + Upy)], that is, the sum of
the total amount of labor —of any qualification- employed in each of the three available production
technologies. In each technology, a fraction of total labor employed —skilled and unskilled- is used for
production purposes —by all active firms- and the rest is used for “setting up the bussiness” —by new
entrants-:

(UT + ST) = (UT + ST)p + (UT + ST)E T = L,M,H (39)

where (Ur + S7), and (Ur + Sy). represent, respectively, the aggregate labor used in production
technology T for regular production (by all incumbents producing with T) and setting up the bussiness
(by new entrants to technology T).

Recall that in every period there are 6Z firms which are impacted by a bad shock and forced out of the
market. We already know from the previous section that the bad shocks & affect equally all firms
using the same technology T no matter which their productivity, but need not coincide across the three
alternative technologies —although for simplicity we are assuming they do. We also know &, L +
6yM + 6yH = §Z and that in every period there are Z, entrants, which have the same productivity
distribution as the current incumbents. These Z, firms want to enter the industry, but they ignore their
productivity parameter ¢ and consequently they also ignore if they are going to successfully enter the
industry or not, as well as with which production technology they will be producing if they actually do
enter successfully (L, M or H). But, as it was already stated in previous sections, there exists a sort of
“insurance” for prospective entrants which consists in the possibility, on deciding entrance (a decision
made before drawing the productivity parameter) to sink only the lowest fixed entry cost, ;L. This is
an obvious advantage for the prospective entrant, because in case it results to be an unsuccessful
entrant, its loss is reduced to a minimum. If instead the firm would result to be a successful entrant, it
will be compelled to pay the full entry cost to the specific production technology it enters.
Consequently:

o fl+phk(ft—fL) = fFis the sunk cost paid by unsuccessful entrants to the industry and by
successful entrants to technology L.

o fL+pM(fM — L) is the sunk cost paid by successful entrants to technology M.
o fl+pl(fH — fF) is the sunk cost paid by successful entrants to technology H.

Recall that the probabilities of successful entry into each of the three available technologies are p,,
pM and pf . Consequently, the probability of effectively ending up paying £X + pf (£ — £F) is pf,
the probability of effectively ending up paying £ + pM (fM — ££) is p¥ and finally, the probability
of effectively ending up paying fr is (1—pf —pM)=(1-pf —p¥ —pk)+pk =(1-
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phM+HY 4 pl . These probabilities indicate also the proportions of the Z, entrants that will be
effectively paying each entry cost.

The market clearing condition for workers engaged in “regular production” is that aggregate payments
to them in each technology T must match the difference between revenue and profit in such
technology:

Uz + S7)p = Ry — Il (40)

Which in turn determines the aggregate result that payments to production workers as a whole must
match the difference between aggregate revenue and aggregate profits in the industry:

Uy +Sp)p + Wy +Sy)p + WU, +S)p = WU+ 8, =Ry —1y) + (Ry — IIy) + (R, — 1)
=Ry +Ry+R)—Uly+1IIy+1))=R—-1I

The market clearing condition for workers engaged in “setting up the bussiness” is that aggregate
payments to them must be equal to the total amount paid for entry by prospective entrants (successful
and unsuccessful). Thus, aggregate payments to “setting up” workers in technology H must match the
total entry amount paid by successful entrants into that production technology®:

(UH +6511-I_I)e me [fe + pm(fe feL)] =
=pl, ;’H L pl (FF = f2)] = Houlfk + i (FF - £1)] =

= Hufy + Hoypin (f — f) = Hpip [l — 8u(fF — fO] + Houpl (fF - £) =
= Hpipty — HpinSu(f" — £ + Houpin (£ — £ = Pmﬂ" < (41)

In turn, aggregate payments to investment workers in technology M must match the total entry amount
paid by successful entrants into that production technology®:

(UM +65111/\I/I)e _me [fe +pm(feM feL)] =
=l ;jM L pM (M — 0] = MSw[fE + pl (M — £2)] =

= M6MfeL + M6Mp%(feM - feL) - Mpm[nd 5M(feM - feL)] + M6Mp%(]cem - feL) =
= MpMall — Mploy (fM — 1) + MSypl(FM — f1) = pM™ < 11 (42)

Finally, aggregate payments to investment workers in technology L must match the total entry amount
paid by successful entrants into that production technology and by unsuccessful entrants to the
industry?”:

(UL +SDe = (1=l —pl)Zfd = [(1 - plh — ol — pi) + PRR1Zf ) =
= (1 - L+M+H)Z feL + pLLn efe =
= (1 - +M+H)Z fe + sznSLLL e (1 D +M+H)Zefe + L6Lfe

% This derivation is obtained using the “Aggregate Stability” condition for technology H (me =6yH & Z, i"H) and

in

the “Free Entry” condition for technology H (ﬁg = 6:5 + 8y (fH — 1) o Suft =pi[ad — 6, (FF fé])).

2 This derivation is obtained using the “Aggregate Stability” condition for technology M (me =6yM & Z, 5“M) and

in

the “Free Entry” condition for technology M (ﬁf{’ = 6“—,5‘} + (M = f) o ufd = piplayl — 6u(fM - f* ]))

2T This derivation is obtained using the “Aggregate Stability” condition for technology L (me =4, Lo Z, ‘m) and the
“Free Entry” condition for technology L (ﬁg = # o8 f; = pf,ﬁé) as well as the identity p5rM+H = pb + pM + pH .
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= (1 —-pﬁ;ﬂ4+H)Zéfg‘+-Lﬁézﬁh =:(1 _'péjA4+H)Zeﬁ}'+17Lp51==
= (1 - Pl — Pl —PE)ZfE + LT (43)

Consequently, for the aggregate industry the expression for the payment received by “set up” workers
is:

U+8)e=WUWU,+S)e+ WUy +Swe+ WUy +Sp)e = (1—ply — it — D) ZofF + b IT +
piaI™ + pf " (44)

In the Melitz setting, with a single production technology and consequently with no possible
difference between the exante and ex post entry payments made by all prospective entrants (successful
and unsuccessful), it is straightforward that such entry payments must add up to aggregate profits at
the industry level®. In the present context this result is not as immediat, though bearing in mind that
the essence of the stationary equilibrium remains unchanged by the introduction of technology choice,
it is nevertheless maintained. Consequently (U + S), = I1, which implies total payments to labor (of
any qualification, employed in any technology, both “set up” and “production”) will add up to
aggregate revenue at industry level: (U +5) = (U +S), + (U + S). = R. However, the existence of
differences across technologies in ex post entry costs does add an additional dimension to the
characterization of the stationary equilibrium. From equation (44) we have:

(U +S)e =1 o (1= ply —ph = i) Zef& + phdT" + pltl™ + phiT™" = 1T &

o (1—ph —plt =) ZfE + [pht* + plar™ + pl11Y] =11 &

o (1—ph —pM —pl)Z £} = 11— [pk 1" + pli™ + p11"] &

o (1-ph - ol —pl)ZfE = [ + M + 7] — [ph, 1L + pfATI™ + pfi1TH] &

o (1—ph —ph —pih)ZfF = (M- = pN14) + (MM — plin™) + (M — pf ") &

o (L—ply —plt = pl)ZfF = (1 —ph)I* + (1 — pl)I™ + (1 - pfi )0 (45)

This means that a part of the profits generated by successful entrants into each production technology
is absorbed by the “set up” workers employed in them, but not the total amount: a fraction of these
profits is used to pay the wages of the “set up” workers hired by unsuccessful entrants®®, who have not
generated any profits themselves because they have never produced (recall that unsuccessful entrants
leave the industry immediately upon entry). This is intuitive: all workers must receive payment. If
some firms do not generate the resources necessary to pay the wages of the “setting-up-the-bussiness”
workers they have hired (this is the case of the unsuccessful entrants), then the rest of the firms (that
is, all successful entrants, no matter into which production technology) must cede a fraction of theirs
in order to have all the “setting-up-the-bussiness” workers paid. Unsuccessful entrants do not ever hire
any “regular production” workers, so there is not an equivalent reasoning applying to them: “regular
production” workers are always paid with resources generated by the firms hiring them. A
particularity of the present model is that the investment workers hired by unsuccessful entrants will
always be employed in technology L, because a priori of drawing their productivity parameter all
prospective entrants choose to pay the entry (sunk) cost corresponding to this technology, which is the
lowest, in order to reduce their loss in case they draw a low productivity parameter and are forced to
leave immediately upon entry. As a consequence of this, a redistribution of resources takes place, from
the two superior technologies (M and H) toward the inferior technology (L).

On other grounds, welfare per worker is given by: W = % = i . Therefore, it increases the larger

Zi-op

the number of incumbent firms —and thus, of available varieties-, and the lower the average price. The
average price will be lower the higher aggregate average idiosyncratic productivity and the greater the
proportion of firms using the superior production technologies, especially technology H.

28 See Melitz (2003), page 1704.
2 This result is already present in the Melitz setting.
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Because the distribution of productivity levels u(¢) remains constant in equilibrium, and for this
- L M H . - . .
reason, so do the proportions —, — and P of incumbent firms belonging to each technological group,

_ R RL+RM4pH L _ M _ H _ .
fa=,=—"——=,Tg+, 7y +,7§ must also remain unchanged. Thus, the number of
. . . .- R
incumbent firms (and consequently the number of available \varieties) Z = —=
d

UH9)p*UtS)e increases proportionally with country size, resulting in higher welfare. This is a feature

Ta
this model has in common with Melitz (2003).

On the other hand, all the remaining key variables are independent from country size, that is: ¢, @,
7k and 4 (T=L, M, H), as well as @, 7, and 74 do not vary with country size. This result is also
shared with Melitz (2003)*. Nevertheless, despite the productivity threshold to enter the industry and
industry average productivity in the present model will always coincide with those in Melitz’s setting,
so long it is assumed that both models share the same exogenous productivity distribution g(¢) and
that technology L in this model is the same as Melitz’s single production technology, some differences
emerge as well: 7; will always be higher in the current model —as a direct consequence of average
variable cost being undoubtedly lower here than in Melitz (2003)-, while 7, in the model with
technology choice must also be higher for upgrading technology decisions to make sense —thus, given
grfat in the equilibrium obtained technology upgrading actually occurs, it follows that this result holds-

4. Extension of the Model to the Open Economy Case

Opening the economy to trade implies both modelling exporting behaveiour and taking into account
the competition coming from foreign goods sold in the domestic market. The basic traits of the Melitz
open economy environment are maintained: the home country can trade with n > 1 other countries, all
of them assumed identical to it so as to ensure they all share the same input costs for each technology
T and the same aggregate variables. Exporting firms face two types of trade related costs: a variable
“iceberg” cost —capturing mainly fleet and tariff- and a fixed cost —representing the investment needed
to penetrate export markets-. The decision regarding export status choice takes place once the firm has
already drawn its productivity parameter, and there is no additional uncertainty.

We depart from this benchmark setting by dividing exporting firms into two subgroups according to
their “level of commitment” with the export markets. Firms can now choose between three alternative
market strategies: they can serve the domestic market only, or they can otherwise self-select into the
export markets in two different ways, one “more accessible” and the other “more demanding”®. The

% Recall that in the Melitz model technologies M and H do not exist, thus neither do ¢}, and ¢}; and consequently
technology specific average productivities, average revenue and average profits are redundant there.
3 Recall that in the Melitz (2003) model every incumbent firm —whatever its productivity ¢- uses production technology L,

obtaining profits 75 (). Thus, average profits in such model are given by yeir, = %né((ﬁL) +%1T,§(g5M) + gné(q*a,,).
Instead, in the current model any firm whose productivity surpasses the threshold @;, will find 5 (p) < 7Y (p)and will
consequently switch to technology M, while any firm whose productivity surpasses the threshold ¢}, will find 7} (@) <
() and will consequently switch to technology H. Thus, in equilibrium only those incumbent firms with productivity

below ¢}, (a proportion % of total firm population) will be getting profits (@), while those for whom ¢}, < ¢ < ¢}, (a
proportion % of total firm population) will be getting profits 7 (), and those with ¢ > ¢}, (a proportion g of total firm
population) will be getting profits 7/ (¢) -bear in mind that the proportions % , % and g depend solely on the equilibrium
productivity distribution, u(¢), and the value of parameters-. Consequently, in the current model average profits are given by
— L ~ M ~ H ~ - - - — _

Tscnmiar = 5 04(@1) + 7y (Pu) + - 10 (@) which readily yields Tscnmiar > Tuetitz-

%2 Due to the assumptions of the model regarding demand formulation (which imply that the individual firm never faces scale
limitations for its variety sales in any market —whether domestic or foreign-), strictly speaking it is not to necessary introduce

different exporting profiles to achieve compatibility with incentives regarding technology choice decisions. Furthermore,
even in a closed economy setting firms still have incentives -the more the higher their idiosyncratic productivity- to upgrade

16



*accessible” export status is achieved by incurring the minimum fixed cost indispensable for the firm
to enter the foreign market. Firms who follow this strategy are called “Low-Commitment Exporters”.
Achieving the “demanding” export status involves making an additional investment —beyond the
minimum fixed cost indispensable to begin exporting-, in order to gain a greater market share in the
foreign market®. Firms who follow this strategy are called “High-Commitment Exporters™. The per
unit trade iceberg cost captures mainly fleet and tariffs and is the same for both types of exporting
firms.

Analytically, the trade costs faced by exporting firms are:

o “Low-Commitment Exporters”: the fixed export cost faced by these firms is denoted by
fercx > 0, while the per unit export cost is T > 1.

o “High-Commitment Exporters”: the fixed export cost faced by these firms is fonex > feicx
while the per unit export cost is once again t > 1.

Domestic price remains a constant mark-up over marginal cost, and firms pass on the additional
variable costs incurred in export sales to foreign consumers. Thus, the firm’s pricing rule for the
export markets is given by:

T _T_° __T T _
Pix = oy~ meppPe LT leke (46)

where f; stands for the “effects of the additional trade-related fixed investments” made by type i
exporters. Therefore B, = 0 —because “Low-Commitment Exporters” do not make any additional
investments to foster export sales- and 0 < B, < A4, being A a positive finite number —because
“High-Commitment Exporters” do make some additional investments to increase their exports, which
are assumed not sterile, but nevertheless neither unlimited-. This means each firm may simultaneously
set two different prices:

o Domestic price (p])

e Export price (pl,)

their production technology, because by doing so they gain access to an increased market share and this way achieve greater
revenue and profits. However, acknowledging that this result is brought about by a simplification which is useful in the
modeling process but that is not an empirical feature —that is: in reality, market size limitations do exist-, the two exporting
profiles are modeled to give the model greater realism. More precisely, the idea underlying this extension is that the domestic
market has limited capacity to absorb the industry’s production, which in turn creates incentives for the firms to penetrate
foreign markets in order to avoid reaching a limit in their sales’ expansion. At the same time, because export sales involve
additional costs, only the firms whose idiosyncratic productivity is above a certain threshold will be able to become
exporters, and among this group, only those with the highest productivity parameters will be in grade of assuming the most
aggressive exporting profile and this way reach the highest expansion of total sales —and consequently, the highest total
profits-.

* This additional investment can be understood in terms of extra advertising expenditure, the creation of better distribution
channels, better postsale service, etc.

# On reaching this point it will be useful to remember that differences in idiosyncratic productivity can be interpreted either
as differences in the costs associated to the production of goods of similar quality, or as differences in the quality of goods
produced at the same cost. For convenience in the current context, the second interpretation (quality differences) will be
adopted. We will then consider that “High-Commitment Exporters” incur a fixed cost which is superior to the minimum
required fixed cost to begin exporting, in order to carry out certain activities in the export market with the purpose to induce
potential buyers to choose their variety from among all the available varieties. As in terms of the model, sales —given the
price- only increase as product quality increases —which in this context is the same as saying “as firm’s idiosyncratic
productivity increases”-, the specific purpose of this additional fixed investment is to make potential buyers in the foreign
market perceive the firm’s variety as better quality. Such increase in quality may be real —e.g.: due to better distribution
channels or postsale service- or immaginary —e.g.: due to smart advertising-, but its effect in terms of the model is
nevertheless “as if” the idiosyncratic productivity of the firm was increased by these additional investments. This way, the
firm is able to expand its sales in the foreign market beyond what its true idiosyncratic productivity would determine.
Therefore, given its idiosyncratic productivity level, a firm will achieve larger export sales —and thus, larger total sales- if it
follows the “High-Commitment Exporter” strategy than if it follows the “Low-Commitment Exporter” strategy. In exchange
for such larger sales, the High-Commitment Exporter faces a higher fixed export cost.
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It is important to note that since export costs —fixed and variable- for each export profile are assumed
equal across countries, then a firm will either export to all countries —and with the same level of
“commitment”- in every period or never export at all.

o g
Quantity sold in the domestic market still is g7 () = EP°~1 (pc‘p) =EP"‘1( T )) while
T d
guantity sold in the foreign markets is g’ (¢) = EP°~! (p @) EP°~ 1( per export
T l

destination. Therefore, total quantity sold depends on export status:
qT(rp) =

q%(p) if the firmis a "Non — Exporter"

Gh(@) + nalu(e) = [1 4 (555) ] ahe) = [1+ 017105 ()

if the firmis a "Low — Commitment Exporter” (47)35

T T _ T\ T
G5 + nafee() = [1 41 (575=) k) = [14n(555) ] dh@
if the firmis a "High — Commitment Exporter”

The revenue earned by a firm from its domestic sales and from its export sales per export destination
(either “Low-Commitment” or “High-Commitment”) are:

e 1M(p)=E (Pp 2)a_l (recall equation (10))

cr

R A Aty

TC T

ko =8 (r 2 = 2 (7 = () o) -
((1+;hc))1_6 74 (@)
Which yields:

I (@) if the firmis a"Non — Exporter"
( 74 (9) + nrige (@) = [1+nt'~71rf (@)
T (p) = if the firmisa"Low — Colrr_lznitment Exporter" (48)
@+l = [1+0(755) @
if the firmis a"High — Commitment Exporter"

4.1 Firm Entry, Exit and Market Strategy in the Open Economy

While the general setting of the economy is the same as in autarky —thus entry and exit dynamics
remain unchanged-, an additional choice comes by with trade: the necessity that firms choose their
export status. As in Meliz (2003), the simplifying assumption of no additional uncertainty concerning
the export markets determines isomorphy between modelling the sunk investment cost assotiated to
exporting, feir, as such —thus, paid all at once when the firm begins exporting- or as a fixed cost
incurred in every period —equivalent to the amortized per period portion of this cost f;L = 87 fuix->.

% Total sales for the exporting firm are given by :
1y oy 9\ oL+ B\’
a" (@ =qi(e) + n ()—E‘”( ) +nEP”‘1< ) =EP”‘1( —) +nEP”‘1( L)
¢ qa\Q Qix\® () (@) PCT p 7

_ppo-1(,® o-1(, 2\ (_* \° _ ppo-1(,2)\° T \7° 9 T

= 5P (p2) +nEpr (p2) (5) T = £ (0 2) [ () ] = [ () i

3 The logic of this reasoning is not altered by the introduction of technology choice. Here again, if such cost is modeled as sunk, then only
new exporters will pay it and all at once (new Low-Commitment Exporters will pay fe;c, , and new High-Commitment Exporters will pay

fenex)- If instead it is modeled as a per period fixed cost, then all exporting firms will spend resources to cover the smaller amortized
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Also, because the variable profit from domestic sales irg@p) is always positive, and the fixed
production cost f is paid on entering production —before choosing export status-, then no firm will

ever export and not also produce for its domestic market, which allows separation of total profits
according to thir source —domestic or export markets-:

5 (@) = =13 (9) — fr

(49)
nhi(p) = =1l () — £

Consequently, total profits for a firm using technology T are given by:
" () = 1§ (¢) + max{0, nc, (¢), n1yc, (@)}

Firm value is once again given by vT(g0)=max{O,5—1TnT(<p)} and @™ =inf{p:v"(p) >

vT=1(¢)}37 identifies the cutoff productivity level for profitable entry to production with technology T
in the open economy setting. Exporting productivity thresholds are determined similarly: ¢}, =
inf{o: ¢ = T and n[,(¢) > 0 for some technology T} is the cutoff productivity level for firms
to find it profitable to enter the export market as “Low-Commitment Exporters”, while ¢y, =
inf{p: ¢ = pT and nl. () > nl..(¢)for some technology T} is the cutoff productivity level for
firms to find it profitable to enter the export market as “High-Commitment Exporters”.

Productivity Threshold to become a “‘Low-Commitment Exporter” (¢;..):

If p;., =@T* then all firms using technology T or superior export (either as “Low-Commitment
Exporters” or as “High-Commitment Exporters”) while no firm using technology T-1 or inferior
exports at all. In this case, the effective cutoff exporting firm (with productivity level ™ = ¢}.,)
earns nonnegative total profit (=7 (p™*) = nl (™) + n].,,(¢™*) = 0) and nonnegative export profit
(ml (@™ = 0). If @}, > T then some firms using technology T (with productivity levels between
@T* and ¢},,) do not export, as well as all firms using technology T-1 or inferior. Meanwhile, some
firms using technology T (those with productivity levels equal to or above ¢;,,) do export, either as
“Low-Cg)smmitment” or as “High-Commitment”exporters, as well as all firms using technology T+1 or
superior™,

Productivity Threshold to become a “High-Commitment Exporter” ( @} .):

If @, = @T* then all firms using technology T or superior are “High-Commitment Exporters”, while
no firm using technology T-1 or inferior is so (firms using technology T-1 or inferior may be
exporters, but only of the “Low-Commitment” type). In this case, the effective cutoff “High-
Commitment” exporting firm (with idiosyncratic productivity ¢™* = ¢;}.,) earns nonnegative total
profit (x” (™) = nl (™) + ] (@™*) = 0) and export profits equal to or greater than those it
would earn as a “Low-Commitment Exporter” (/. (o7*) = nl (7). If ¢, > ¢T* then some
firms using technology T (with productivity levels between ¢ *and ¢;..,) are not “High-Commitment
Exporters”, as well as all firms using technology T-1 or inferior®. Meanwhile, some firms using
technology T (those with productivity levels equal to or above ¢@;..) are “High-Commitment
Exporters”, as well as all firms using technology T+1 or superior.

portion of the corresponding cost fI = &;f,i. Because in equilibrium the ratio of new type i exporters to all type i
exporters (i = Low-Commitment, High-Commitment) in each technology T is 61 (see Appendix C), it follows that the same
aggregate labor resources are spent in either case.

3 For T=L there is no T-1 technology, and thus the condition reducesto @~* = @** = inf{¢p: v*(¢) > 0} —analogously to
what happened in the closed economy case-.

% Their being “Low-Commitment” or “High-Commitment” exporters depends on whether their intrinsic productivity
parameter falls between the thresholds corresponding to each exporting category (in which case the firm is a “Low-
Commitment Exporter™) or surpasses both (in which case the firm is a “High-Commitment Exporter”).

% These firms are not “High-Commitment Exporters” because they can have higher profits by being “Low-Commitment
Exporters” or “Non-Exporters”.
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In general:
o nl(p™)=0and nh(p"™) > 0forall T (analogously as in the closed economy case)
o 7wl (p,) = 0forsome T satisfying o™ < @},

® T[f’llwcx ((p;LCX) = T[chx(q’;lcx) for some T Sa'tiSfying (pT* S (p;le

®;, could be (alternatively) one (and one only) of the following: @k, @M= or pi:. Which of the
technology-specific thresholds is the relevant one is an empirical matter®. The same is true for ¢},
which can be (alternatively) one (and one only) of the following: @k:., @M. or @i *. For now the
following “plausible” situation will be assumed: that in the industry there are both exporters and
nonexporters, and that users of all three production technologies are represented among the former.
However, “High-Commitment Exporters” can be found only among users of technologies M and H,
meaning that any firm using technology L who is an exporter, is necessarily a “Low-Commitment
Exporter”. If a firm with a certain productivity level finds it profitable to assume a certain export status
(eg: “High-Commitment Exporter”), then all firms whose idiosyncratic productivity is above that level
will too. Therefore, because there are some “High-Commitment Exporters” who use technology M
and the threshold for adopting technology H is abpve that for adopting technology M, then all users of
technology H must be “High-Commitment Exporters” as well. Finally, because there are users of
technology L who are exporters, then all users of technology M are so too. We have also said that no
firm using technology L is a “High-Commitment Exporters” and that at least some the firms using
technology M and all of the firms using technology H are so, thus the threshold for assuming this
export status must lie somewhere between the productivity thresholds for adopting technologies M and
H (the lowest it could lie is coinciding with the threshold for the the adoption of technology M).
Figure 2 captures the ordering of productivity thresholds resulting from these assumptions:

v

Figure 2

As it was the case in the closed economy, for the assumed order of the five productivity thresholds
(p¥ < @i < M* < @i, < ") to hold, it is required that, roughly speaking, the gain obtained by a
firm when switching from each category to the immediate superior category (ej: from Non-Exporter
who uses technology L to Low-Commitment Exporter who uses technology L) must be smaller “in
proportion” to the increase in the fixed cost it simultaneously faces for a given productivity level, so
that an increase in ¢ is needed to make such upgrading profitable.

Because the entry and exit dynamics are unchanged by trade, the equilibrium distribution of

productivity levels for incumbent firms continues to be u(p) = % Vo = pl*. The ex ante

probability that a successful entrant to the industry will become a “Low-Commitment Exporter” is
phiMTH = %, while pftMHH = % now represents the ex-ante probability that one
of these successful entrants will become a “High-Commitment Exporter”. These coincide with the ex

“0 For example, if we look at the data and see that some firms that produce with technology L are exporting, then the relevant
threshold to become at least a “Low-Commitment Exporter” will be ¢L*.. On the contrary, if we do not see any firms using
technology L and exporting, but some firms using technology M are actually exporting, then we know that such threshold
must be located after the threshold for dropping technology L and upgrading to M. In such case, the relevant threshold would
be p*. And if data show that only firms using technology H export, then the relevant threshold would be ¢!

*! The reasoning is in all senses analogous to that explained in the previous footnote.
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post fractions of “Low-Commitment” and “High-Commitment” exporters, respectively*. We can
further define™®:

L _ G(‘PM*)_G(QD;cx)
pinlcx - G((pM*)_G((pL*)
entrants into technology L will be a “Low-Commitment Exporter” and the ex-post fraction of
firms that use technology L and are “Low-Commitment Exporters”.

) represents both the ex-ante probability that one of the successful

M — G((p;lcx)_G((pM*)

®  Dinicx = W

entrants into technology M will be a “Low-Commitment Exporter” and the ex-post fraction of
firms that use technology M and are “Low-Commitment Exporters”.

represents both the ex-ante probability that one of the successful

M _ G((PH*)_G((/’ZCX)
®  Dinhcx = W

entrants into technology M will be a “High-Commitment Exporter” and the ex-post fraction of
firms that use technology M and are “High-Commitment Exporters”.

represents both the ex-ante probability that one of the successful

1-G(e™)

hd p{.rllhcx = m
into technology H will be a “High-Commitment Exporter” and the ex-post fraction of firms
that use technology H and are “High-Commitment Exporters”.

represents both the ex-ante probability that one of the successful entrants

Denoting the number of incumbent firms in any country by Z,,.,, it is possible to calculate the
number of firms belonging to each export satatus: “Low-Commitment Exporters” are Z,., =

Dimee  Zopen, “High-Commitment Exporters” are  Znc, = Dinhes Zopen and “Non Exporters” are
Znx = Zopen — Zicx — Znex- T0 be more specific, plc,l = ¥Pimm  Zopen is the mass of firms that

use technology L and are “Low-Commitment Exporters”, plt,..M = (1 = V)piiit" Zopen is the

mass of firms that use technology ™M and are “Low-Commitment Exporters”,
DinhexM = 8Dt ® Zypen is the mass of incumbent firms that use technology M and are “High-

Commitment Exporters” and pi e H = (1 — 8)pies # Zypen is the mass of incumbent firms that use

technology H and are “High-Commitment Exporters”.*

Using these definitions it is possible to calculate the total mass of varieties available to consumers in
any country —or alternatively, the total mass of firms competing in any country-:

— L+M+H L+M+H _ L+M+H L+M+HY _
Zt - Zopen + NPinicx Zopen + NPinhcx Zopen - Zopen(1 + NPinicx + NPinhcx ) -

“2 Note that, unlike the procedure for the calculation of the ex-ante probabilities of successful entry into each production
technology (pl,, T = L, M, H), here for the calculation of the ex-ante probabilities of entry into each of the exporting
categories, the distribution we use is u(¢), not g(¢). This is because the choice of export status occurs after the firm draws
its productivity parameter ¢, which means only successful entrants must be taken into account.

3 Continuing with the reasoning in the previous footnote, we know that firms choose their export status after they gain
knowledge on their productivity parameter. Thus, only successful entrants to the industry decide whether to become “High-
Commitment” or “Low-Commitment” exporters or neither. But firms who face such decision not only already know that they
are successful entrants to the industry, but also they know precisely with which production technology: L, M or H.
Therefore, the rational thing to do when calculating the probabilities of adopting each exporting profile (“Low-Commitment
Exporter”, “High-Commitment Exporter™) is to take into account all the available information. Because of this, the ex ante
probabilities of each firm of becoming each type of exporter are calculated conditional on the production technology they are
using.

O CIP)
. G((p;zl\c/’x)_c((p;cx)
E@he) =GO s the proportion of “Low-Commitment Exporters” who produce using technology M, § =

My = is the proportion of “Low-Commitment Exporters” who produce using technology L, (1 —y) =

G(@")~G(Phex) is

G(@Phex)—G(@lex) 1=G(0)y)
_ Hx*

the proportion of “High-Commitment Exporters” who produce using technology M and finally (1 — &) = % is the
- hex

proportion of “High-Commitment Exporters” who produce using technology H. We also know pktM*Hz, = 7. Using this

information together with the definition of p55¥*# and p[,,, the equivalences stated above can be easily derived.

inix
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= Lopen + Mopen + Hopen + nplllnlchopen + np%lcxMopen + np%hcxMopen + npglhcxHopen =
= Lopen(:l + np%nlcx) + Iwopen(1 + np?;’zlcx + np%hcx) + Hapen(l + npgthcx) (50)

Unless the contrary is explicitly stated, from now on we will refer to Z, e, simply as Z, Lopen as L,
Mopen a8 M and Hyper @s H.

4.2 Aggregation Conditions in the Open Economy

As in autarky, it is possible to calculate the average productivity level across all incumbent firms as a
function of the new threshold for entering the industry:

1

1
¢ = ¢ p") = L-a(wu) [ 07 g (@)dg|” (51)

The average productivity levels corresponding to each Market Strategy (“Non-Exporter”, “Low-
Commitment Exporter”, “High-Commitment Exporter”) are:

1

~ - 1 lex  o— o-1

Pz (@1, Picx) = [1_G(¢L*)f;p,{ 01 g(p)dy) (52)
1

~ * * 1 *cx _ o—

q’lcx(ﬁ"lcx! (phcx) = [1—G(<pL*) f;fz*’:x (pa 19((p)d(p] ' (53)

1
~ * 1 [e] _ o—1
Phex(Phex) = [mf @° 1g(qo)akp] ' (54)

*
Phex

We can further calculate the productivity average corresponding to each Market Strategy and
production technology:

1

7] * g% 1 *cx - o-1
(anx((pL'(plcx)=[1_G(¢L*)f<:le 07 g(p)de| (55)
M x
~ % * 1 * _ o—1
Pricx(Pice ™) = [1_0((/,“) [y #° Lg(p)dg) (56)
1
>3 M= * — 1 (p;lcx o—-1 o-1
Pricx (@™, Phex) = [1_6((,,“) e 971 g(p)dg ] (57)
1
~ * Hx* 1 (pH* o—1 o—1
Puncx(Phex @ )=[1_G((pu)f<p;m<p 9(@)dy] (58)
1
~ * 1 00 _ o—1
<thcx(<p”,°°)=[—1_G(¢L*)f¢m ¢° 1g(<p)d<p] ' (59)

Because all these averages are constructed the in the same way as in the autarky setting, they only take
into account domestic market share differences between firms, and ingore the additional sales more
productive firms are now gaining in the export markets, as well as the fraction of resources consumed
by transportation when selling abroad (and thus no longer available for consumption). In order to
provide a measure of average productivity more adequate for the open economy setting, these factors
must be incorporated®. The comprehensive average productivity measure @, is constructed on the

“ Because neither the introdutcion of technology choice nor the diversification of market strategies affect this aspect of the
original Melitz (2003) model, we stick to its approach for doing so, making only minor amendments when necessary.
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basis of the combined market share of all firms, taking into account the transport costs faced by both
types of exporters and the export-sales-boosting effect of the additional fixed investments undertaken
by High-Commitment Exporters:

1

- 1 o ~ o—1 ~ 1+Bne) o—-11o-1
7 = {700t +nplitez (B) 4 mplityz (i) ) (60)

T T

Expression (61) is equivalent to:

(w(1+BhC))G_1H((p)d(p] (61)

Phex T

~o-1 _ 1 © 51 L+M+H o, (Pkc (0)71 L+M+H  [®
Pe ~z [Z fo ¢ “((p)d(p + Pinicx A fwzcx (r) H((p)d(p + MPinncx Zf M
Taking explicitly into account the production technology used by every firm (domestic and foreign),
comprehensive aggregate productivity @, can be rewritten as the following (derivation in Appendix
D):

Py =
iorg, o 1 5 - ~ o- 1 -
{Z_t [L[(pLa ! + anLnlcxra_qQDLlcxa 1] + M[‘/’MU ! + np%lch(lech ! +

npinficxM1+phcro—1pMhacyo—1]+H[pHo—1+npinscxH1+fhcro—1pHhcyo—1]10—1
(62)

Because of the symmetry assumption, @, is also the weighted average adjusted productivity of all
firms —domestic and foreign- competing in each country.

The aggregate price index P, quantity Q., expenditure level R, and profits I1; in the open economy
setting are given by:

P, = [Lpé (@)Y + Mpfy g(ﬁM)l—zr + Hpg (@7 + npianchPchx(@zcx)l—rr + np%LCpr{‘;’x(@Mlcx)l—a + "P%hchP;ﬁx(ﬁthx)l‘ff .
npi’;hcpr:cx((ﬁHhcx)lig]; =

1
[Lpé (@L)lia + Mpg’ (@M)lig + Hpg (@H)170 + np%nlchpé ((ﬁlch)lia + np%lcprg’ ((ﬁlcxM)lig + np#lhcxpg’((ﬁhcxM)lia + npglhcprgggjhcxH)lig]l_a
(63)

Q=
[LQé (@L)p + ng[(ﬁM)p + Hqg ((ﬁH)p + npf‘nlchQlL:x(@Llcx)p + np#:lcqu{lgx(ﬁMlcx)p + np%hcqulecx (@thx)p +
npinhcxHHghcxHptlicyplp=

= [Lqé (@L)p + ng’ (@M)p + Hqg (@H)p + npfnlchqé ((ﬁlch)p + np%lcqugi ((ﬁlcxM)p + np%hcxl‘qg’ ((ﬁhcxM)p + npilihcxHqg ((ﬁhcxH)p]f7
(64)

Rr = erL((ﬁL) + Mr:[((ﬁM) + HT';I ((ﬁH) + npiLnlchrlléx((ﬁLlcx) + np#:lcxMrllzlx(ﬁMlcx) + npmhcxMrin(ﬁthx) + npgthXHr’{ICX(@HhCX) =
= Rpa + Rya + Rua + Rucx + Ruiex + Runex + Runex =

~ ~ - o - - . 48
= LTé‘ (@L) + Mréw (@M) + Hr:(wH) + npiLnlchrdL((plch) + npmlcxMr:[((plcxM) + npmhcxMTéV[((ﬂhcxM) + npglhcxHrul-I((phcxH) (65)

I, =
LT[é (@L) + MT[:’;’ ((/jM) + H”g((ﬁH) + npiLnlchnchx((ﬁLlcx) + np%lcanlAgx((ﬁMlcx) + np#zhcan%:x((ﬁthx) + npgzhcxH”}I{’cx((ﬁHhcx) =
1 ~ 1 ~ 1 ~ 1 ~ 1 ~
=L [; ré‘((PL) - fL] +M [;Téw ((pM) - fM] +H [;Tf((pH) - fH] + npiLnlch [; rll&x((lecx) - fléx] + np%lcxM [; rll\c/lx((PMlcx) - fllgix] +
1 ~ 1 ~
np%hcxM [;T)%x((thcx) - fhngx] + npgzhcxH [;T){'ch(thcx) - fhféx] =
=Mpg + Nyg + My + My + Myiex + Mynex + Mypex =

46 ; T _r_°eo __ T
Recall from expression (47) that p;, (¢) = ety = WP

47 ; T _ (A+8\? 1 T _ppo-1(_1 )a — a_1<(1+ﬁi))a
Recall from expression (48) that q;,(¢) —( . ) qq(®). Therefore, q;,(¢) = EP (pﬂ(qa) =EP i)

7 (@), i = lc, he.

o ~ -1 =~ [
i T — ppo-1(_1 T Y= ppo-1(PPr+BD\° ™" _ rpo-1(PPur\’ _ T s
justas q; (@) = EP (pg(@) . Also note that q;,, (@) = EP ( ps ) =EP ( o ) = qq(Pixr)-

no—1 Nno—1
“®  Recall from expression (49) that  r%(¢) =E(M) = (@) rS(p). Note that

crt
~ PpPriz(1+8)\° 1 PpPir)\° 1 ~
15 (@rin) = E (—TCTT ) =F (—CT T) =17 (Pixr)-
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- L[ ((PL) fL] +M [ Téw((pM) fM] +H [ ((pH) fH] + npmlch [ Td ((plch) flcx] + npg[llcxM [ Ta (‘plcxM) flcx] +
npinhcxM [J Ta ((phcxM) fhcx] + npinhcxH [a Ta (‘phcxH) fhcx] (66)49

The average price, quantity, revenue and profits in the industry in the open economy setting are
obtained as a weighted average of the price, quantity, revenue and profits of each group of firms,
where the weights are the given by the proportion of firms of each group in the total number of firms
competing in the country, Z,*

R L e M e e o B i s hied 1o vie e e o ol
Be = — = [EPE@)"7 + 2PN (Ban) " + ol (§)' 7 + M L (1) + Tl (G )1 4 TR M ()1

e t t t t t t
npinhcxHHZtpdHphcxH1—o=

= [‘Pd(‘PL)l T+~ sz/’((ﬂM)l T+~ PSI(?H)l o4 e npmm Dlex (Pricx)' ™7 + —2= npmm Pl (Prica) ™7 + —12= npmhcx Phex(Prane) ™7
npm/zarﬁﬂ]zp/zrrﬁwﬁﬁcxl —ol 1 —o
(67)

G ool
Q=35 =

1
L ~ M ~ H ~ npl‘ L ~ an M ~ an M ~ np?" H ~ B
|5 04807 + 50 (@u)® + 50l (@) + 22 Gl (B )P + 2P QY (Brn)® + " G (Gp) + 2 Gl ()| =

L = M —Finlex™ L'?C —Finlex' ™~ EX inhcx: —Finhex™” CX
[Z q§(pL)P + zdd & (@n)P + - dd H(@u)P + —e el Qo (Pric)? + —2e= i Al (Priex)” + np#thx((thcx) +—== oo At Prnc)’ ]

(68)
Fo= 2= k@) + 2l @) + L1 @) + Tt () + P () 4 TNl g ) + P ) =
6 (@) + 5l @) + 57 @n) +"”‘"l“‘ n@x(wum) +"”‘"l““n¥x(wm> +"*""1“”r,¢zx(<pm) Pt ()
(69)
2 =§—;=ins<<m 2 o) + Ll () + 2 () + P () P ) P ) =
TP + 5l (Bu) + 5 (¢H)+"”W o (Pricn) + 2 0 (Gier) + 2 1 () + 2T el ()
(70)
In each country, firms using technology T get “in average” the following revenue and profits:
FL = rc% (QBL) + npiLnlcxrchx (@Llcx) (71)
FM = rdM(QBM) + np%lcxrlﬂcdx(@Mlcx) + np%hcxri%x (@thx) (72)
P = ré—l (QBH) + npglhcxr}{{cx(aHhcx) (73)
ﬁL = n(li((ﬁL) + npiLnlch[chx ((ﬁLlcx) (74)
ﬁM = ”fiw((ﬁM) + np%lcxn%x((ﬁMlcx) + npglhcxnil‘{lcx((ﬁthx) (75)
ﬁH = ”g((ﬁH) + np{;lzhcx”llzcx(@Hhcx) (76)

4.3 Equilibrium Conditions in the Open Economy

The equilibrium in each technology T will still be obtained, as in the closed economy setting, by the
intersection of the “Effective Cutoff overall Profit condition for technology T” (ECPT)” and the “Free
Entry condition for technology T”. However, ECPT is now different because average profit per firm

# Recall from expression (50) that 7} (¢) = ird (p) — frand el (@) = —r (o) — frL.

% Once again, as it was the case in the closed economy setting, these “theoretlcal” averages are calculated just in order to
provide a rough measure of the industry’s per firm performance. They need not coincide with the price, quantity, revenue and
profits of any particular firm.
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using technology T in the open economy setting includes a “domestic profit component” and an
“export profit component”, which in turn subdivides into two categories: a “Low-Commitment export
profit component” and a “High-Commitment export profit component”. Thus, in order to construct the
“Effective Cutoff overall Profit condition for technology T” (ECPT) it is necessary to first relate the
average profit level for each exporting category to the minimum idiosyncratic productivity level
required to enter such category, with which it will be obtained the “Effective Cutoff type i export
Profit condition for technology T” (ECPL.), i: Ic, he. That is, a relation must be established between:

. ﬁ'chx = ﬂchx (PLicx) With ;.

o Ty = Mlex (Puicx) With @™

. ﬁ'flycx = ﬂﬁllcx((f)thx) With @y
b ﬁfIZch = T[fI;ch((ﬁHhcx) with (pH*

The expression of the “Effective Cutoff Low-Commitment export Profit condition for technology L”
(ECPL,) is:

L _ L _ L =L _ _L ~ _ L 1,L
nlcx((p;cx) =0 < rlcx(QD;cx) - Oflcx <« Tex = 7Tlcx(QDLlcx) — ]Clcxklcx((p?cx)

~ X X -1
h kL * _ (leCX((plcxﬂ(pM) g 1
wnere lcx((plcx) - o —
cx

The expression of the “Effective Cutoff Low-Commitment export Profit condition for technology M”
(ECP[,) is:

ﬂlcx(¢M*) = Alcx < rlcx(QDM*) = G(Alcx + fllcvgc) A ”{\gx ”%x(aMlcx)

= lcx lcx((pM*)+flcxklcx((pM*)

where it (pM*) = M , R (M) = [M —1and A}, >0 is the
hcx hcx

profit gained in each export destination by the least idiosyncratically productive firm who is a “Low-
Commitment Exporter” and uses technology M (a constant).”

The expression of the “Effective Cutoff High-Commitment export Profit condition for technology M”
(ECPM) is:

T[i]ycx ((p;;cx) = AIIEL/ch « rI{LVéx ((p;cx) U(Ahcx + fl'{lgx) « 7T[iI‘{ch = n-i]ycx (@thx)
hcx hcx ((phcx) + fhcxkhcx ((phcx)

* H+\19—
PMhex\Phex® PMhcx\Phcx?
where hhMcx(¢Zcx) = M hcx((Phcx) = [—Cx( *hcx )
Phex Phex

the profit gained in each export destination by the least idiosyncratically productive firm who is a
“High-Commitment Exporter” and uses technology M (a constant).>

—1land A, >0 is

®1 We already know that profits in general, and export profits in particular are increasing in ¢. Besides, we know that

k. (9i) = 0and @M* > ¢;.,. Thus, we know 7k, (@™*) > 0. Finally, we also know that, keeping all other factors
constant, using a superior production technology determines higher revenue and consequently higher profits for the firm. As
a result, we know i (@M*) > k.. (M*) > 0. We pin down this information by writing 74, (¢™*) = A}, where A}, isa

positive constant. On other grounds, we already know
that (%, = mimy (Picx) = 7“”’“(%1”) fite = (aMl”(;;f'(pz”))d_l %(;p ©) _ fm. Replacing rlcx(tpM ) =o(Ak, + M) in
this equation we obtain 7lr, = Tt (Frcx) = Alry (—(ﬁ““"(;fs?(p;“"))g_l + M (_‘?Mlcx((fM:Wﬁu)) —fM =

= At (Bl i)™y g [Pl e\ ] - it (M) + flLkE (o)
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The expression of the “Effective Cutoff High-Commitment export Profit condition for technology H”
(ECPE,) is:

T[hcx((pH*) - Ahcx « rhcx((pH*) - U(Ahcx + thc'x) «
T[hcx - ”hcx((thcx) - Ahcxhhcx(QDH*) + fhcxhcx((pH*)

Mmmmm=@%%% hMM)WMWﬂ —1 and 4 >0 is the
profit gained in each export destination by the least idiosyncratically productive firm who is a “High-
Commitment Exporter” and uses technology H (a constant).>

Now we can finally write down the “Effective Cutoff overall Profit condition for technology T”
(ECPT), which implies a relationship between the average overall profit per firm using technology T
(@T) and the effective cutoff productivity level for the adoption of technology T (¢T*).

The “Effective Cutoff overall Profit condition for technology L” (ECP*) is
TTL = 71',11 (¢)L) + pLLnlcan[chx(@Llcx) = kaﬁ(‘pL*) + pt!‘nlcxnf%cxk%cx((p;cx) (77)54

The “Effective Cutoff overall Profit condition for technology M” (ECPM) is:

M = nldw (qu) + p#zlcxn”%x((ﬁMlcx) + pll‘;llhcxnﬂ)’ycx((thcx) =

[Ayhfi/l(‘pM*) + kay ((pM*)] + p%lcxn[Alcx lcx(‘pM*) + flcxklcx(lpM*)] + 55
pglhcxn[A%cxh#cx((p;wx) + f;lllcxk%cx((p;wx)] (78)

ISl

The “Effective Cutoff overall Profit condition for technology H” (ECPH) is:

T = (Pn) + PhncxVhex Prnex) = [AGRG (@) + Fukd (@")] + Pluncxtt[Afcxhlicx (@) + flieaf hex (077)]

(79)56
The present value of average profits flows for firms using technology T (that is, the value of such
firms) remains o7 = Y2 ,(1 — &7)'7” =; and the value of entry to production with technology T
continues to be vl = pl [57 — (£ — )] fL. The Free Entry condition for each technology T
(FET) thus remains unchanged: v = 0 if and only if 77 ;fe +6r(fF = £b.

4.4 Determination of the Equilibrium in the Open Economy

Like in the closed economy case, the “Free Entry condition for technology T” (FET) and the new
“Effective Cutoff overall Profit condition for technology T” (ECPT) will identify a unique ¢™* and 77
if the new ECPT cuts the FET only once from above. We cannot assure this will happen in the general
case outlined above: there could be no intersection between both curves because in the open economy
setting the ECPT can be discontinuous. However, the existence (and uniqueness) of equilibrium in
each production technology T can still be assured in a particular case: when all firms using the same

%2 The same reasoning as in the previous footnote applies here.
%% The same reasoning in footnote 51 applies here.

¥ r = oM T (f“") " and thus equation (78) is implicitly a function of ¢*.

B 0her = oM b’T (A:fx:?‘”‘) and thus equation (79) is implicitly a function of p™*.
hc d

56 . H 1-G(pp)

pmhcx - 1‘G(<P;l)

using production technology H.

= 1 is the ex ante probability that the firm will become a “High-Commitment Exporter” given that it is
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production technology T, share as well the same export status, whichever this may be: “Non-
Exporter”, “Low-Commitment Exporter” or “High-Commitment Exporter”®’ (proff in Appendix E).
The equilibrium thresholds for technology adoption @, @™* and @** trivially determine the “Low-
Commitment” export productivity cutoff, ¢;.., and the “High-Commitment” export productivity
cutoff, ¢;,. Thus p*, ™* and @** also determine the productivity levels @, @;cx, @Pnex and @, as
well as the ex-ante probability of entry to production with each available technology (p%,, p and p)
and the ex ante probability of entry to each export status, conditional on the production technology the
firm is using (Pfuicxr Poticxr Ponex @nd ph, ). Note that in the case for which the existence (and
uniqueness) of equilibrium in each technology T can be guaranteed, each of the latter probabilities will
be either 1 or 0.

We will focus here in the equilibrium reached when ¢;., = M* and ¢}, = @"*, and consequently
Dhiey =DM =0 and pM,.. =ph,.. =1, as it can be considered a limiting case in which the
“plausible” ordering of productivity thresholds referred to in previous sections (p* < @}, < @M* <
Ohex < @) is maintained.

5. Evaluating the Impact of Trade

The present section compares the closed and open economy steady state equilibria, for which some
ammendments in notation will be necessary. We have denoted the cutoff productivity levels for each
production technology in autarky as ¢, ¢y and @y, and the cutoff productivity levels for each
production technology in the open economy setting as ¢*, ™* and @**. Let as well @¢losed, gpelosed

and @§lose? denote the average productivity levels for each technology in autarky, and @, 7", @,F"

and @, °" in the open economy.

It can be readily noted that in the open economy the ECP%, ECPM and ECP¥ curves shift up and to the
right, relative to their closed economy counterparts. Meanwhile, the FE* curve remains unchanged,
but FEM and FE™ curves shift down and also to the right. Together these shifts imply, for the three
technologies, that the mean productivity increases because de effective cutoff productivity levels to
entry each technology are now higher: ¢7* > @5 and consequently @.7°" > @g'ose? for every
technology T. Consequently, average profit in each technology must also increase: 7} ,¢, > Tl osed
for every T. In the case of technology H, the fact that the free entry curve remains unchanged makes
this result visually straightforward. The increase in the average profit is not as graphically evident in
the case of technologies M and L, because the FEM and FE® curves shift down. Nevertheless, we
know for certain that the FEM and ECPM curves must intersect not only to the right but also higher
than they did in autarky, and the same applies to the intersection of the FEL and ECP™ curves, as
shown in Figure 3. Once again, the higher the profit earned by the cutoff technology T firm, the higher
the minimum value the ECP” reaches, and thus the higher 7] ,.,,. The comparison of the equilibriums
for each technology before and after the economy opens up to trade is represented in panels (a)-(c) of
Figure 3:

% Because ¢;.and @}, are defined as functions of some ¢, the materialization of this special case requires certain parameter restrictions
to hold.
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The logic behind these results is quite intuitive. In the open economy setting, increased competition
(coming from the foreign firms who now export to the home country) reallocates market shares
towards the more efficient firms, forcing the least productive ones out of the market and contributing
to an aggregate productivity gain. The shrinkage of their market share forces some firms to downgrade
to an inferior technology, as their sales in the open economy setting are no longer enough to amortize
the fixed cost corresponding to the technology they had been using in autarky. So they sell their
equipment and buy another less costly in order to continue obtaining nonnegative (and the highest
possible) profits®. This way, some former users of technology H* become users of technology M
when the economy opens up to trade, some former users of technology M® become users of
technology L, and some former users of technology L® are forced out of the market, as they can no
longer obtain nonnegative profits with any of the available production technologies. This results in an
increase in each technology T average productivity, and consequently also in average profits within
each production technology. Only firms with productivity levels above ¢;., and ¢}, enter the export
markets —either as “Low-Commitment” or “High-Commitment” exporters, respectively-, which
reinforces the reallocation of market shares towards more efficient firms and thus further contributes
to an aggregate productivity gain.

As was the case in the closed economy equilibrium, aggregate payments to workers (employed both
for “setting-up-bussiness” and for regular production, of any qualification) must add up to total
revenue at the industry level. Thus, aggregate revenue remains exogenously fixed by the size of the
labor force:

R=R,+Ry+Ry=U+S)+U+S)y=U,+S)e+ WU, +S)p+ Un+Sue+
(Um + Sudp + Uy + Spde + (Uy + Sp)yp

The market clearing condition for production workers continues to be that aggregate payments to them
must match the difference between aggregate revenue and profit in each technology, which in
aggregate terms yields:

(U+S), =R~—Tl

The market clearing condition for “setting-up-bussiness” workers in turn continues to be that
aggregate payments to them must match the total amount paid by prospective entrants (both successful
and unsuccessful). Together with the free entry and aggregate stability conditions for each technology
T and the market clearing conditions, this ensures not only that aggregate payments to the investment
workers in the industry (U + S), equal the aggregate profit level IT = II; + I1,, + I, but also that at
the same time a transference of resources from the superior technologies, M and H, toward the inferior
technology, L, takes place®.

Once again, the average firm revenue for technology T is determined by the ECPT and the FET
conditions:

%8 Remember no depreciation is assumed.

% Those with productivity levels between ¢}, and .

% Those with productivity levels between ¢;, and p™*.

® Those productivity levels between ¢; and ¢“*.

%2 The results (Uy + Sp)e = pfily < Iy, (Uy + Sy)e = pMITy < 1Ty and (Up +5S.), = (1 —pk, — p¥ — pM)Z.f, +
1,pk,, implying (1 —pk, —pM —pl)Z.f, = (1 — pE)I, + (1 — pM)iTy + (1 — p )11, continue to hold in the open
economy equilibrium, meaning that still a part of the profits generated by successful entrants into each production technology
is absorbed by the “setting-up” workers employed in them, but not the total amount: a fraction of these profits is here again
used to pay the wages of the “setting-up” workers hired by unsuccessful entrants, which have not generated any profits
themselves because they have never produced (recall that unsuccessful entrants leave the industry immediately upon entry).
This is because, as was explained in more detail in the closed economy section, all prospective entrants benefit from some
“sort of insurance”, and the fraction of successful entrants’ profits that they must “put aside” in order to get the “setting-up”
workers hired by unsuccessful entrants paid, can be thought of as the cost of this insurance. As a consequence of this, a
redistribution of resources takes place, from the two superior technologies (M and H) toward the inferior technology (L).
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b= a(@ + f,) (80)

M =o(7M + fu + nf) (81)
= o(7H + fy + nfill,) (82)

So average revenue for all domestic firms is:

Because the productivity threshold to enter the industry is higher in the open economy, the number of
domestic incumbent firms must decrease. However, we cannot ascertain how this decrease in the total
number of domestic firms is distributed among the three available production technologies, because
the thresholds for the entry to technologies M and H rise as well. Consequently, we do not know if the
proportion of firms using a particular technology T will decrease, increase or stay unchanged. The
result regarding this depends on the value of parameters and on the shape of the distribution g(¢).
Because we are analyzing long run equilibria, it is assumed that labor will be reallocated between
technologies as needed to guarantee full employment®.

5.1 The Impact of Trade on Aggregate Welfare

Welfare per worker is still given by:
1 1
Ztmﬁt

Therefore, it once again increases the larger the number of available varieties, but now this result can
be achieved not only if country size increases, but also through trade. Even though the number of
domestic incumbent firms is lower in the open economy setting than it was in autarky (Zypen <
Zciosed), the number of foreign firms who now export to the home country typically overcompensates
such reduction in the number of local firms, resulting in increased variety and thus fostering an
increase in welfare (Z; = Zppen (1 + nphidtt + nptiMHH) > 7,10c04)*. Besides, the aggregate
productivity gain pulls down the average price, thus increasing welfare®. Finally, a third factor which
exerts an impact on aggregate welfare (and was precluded by construction in the Melitz (2003) model)
is the technology-specific variable cost: the greater the proportion of firms using the superior
technologies, the lower the average price will tend to be, not only because such firms are
idiosyncratically more productive, but also because they have lower variable production costs, and can
therefore charge lower prices. However, as was stated before, we cannot anticipate how the

83 We are considering long run equilibria. Consequently, even though each production technology uses skilled and unskilled
workers in fixed proportions, we are focusing in what the outcome will be after the necessary adjustment in the degree of
human capital of the labor force takes place. If in the open economy equilibrium the proportion of firms using technology L
decreases, this will mean that the excess of unskilled labor will be unemployed in the short run until some of these former
unskilled workers acquire the necessary skills to be reallocated in technologies M and H, which are more skill intensive. If,
on the contrary, the proportion of firms using technology L increases in the new equilibrium, this will mean that in the short
run some former technology M and H skilled workers will be underemployed in technology L, performing tasks for which
they are overqualified. In the long run, as the incentives to become qualified are now lower, the proportions of skilled and
unskilled workers in the labor force will adjust to fit the new situation (there will be less skilled workers and more unskilled
workers).

% However the possibility that the number of domestic firms being pushed out of the market be larger than the number of
exporting foreign firms entering it is not ruled out, especially if trade costs are high.

% This is a likely but not certain result, because even though aggregate productivity “at the factory gate” (that is, before it is
corrected to capture transport iceberg costs and the effects of additional trade-related fixed invesments) always increases,
once these corrections are made there is a possibility that @, < @¢joseq, if T is sufficiently large and 8. , fif, and fiT., are
sufficiently low.
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proportions of firms using each of the available technologies will vary among domestic firms in each
country —or even if they will vary at all- without making further assumptions regarding technology
parameters and the distribution g(¢).

In the particular equilibrium in which we are focusing now, with p%,,., = 0 and p™,., = p2 e = 1,
it can be readily noted that the proportion of firms using technology L among all the firms (domestic
and foreign) competing in the country decreases as the number of trading partners n rises because all
the firms exporting to the home country are users of technologies M or H. Consequently, unless the
proportion of firms using technology L among surviving domestic firms rises significantly when the
economy opens up to trade, then the overall outcome will be a decreased participation of technology L
users in the total number of firms (domestic and foreign) competing in each country, thus conducing to
a lower average price and higher welfare.

As a result of all this, we cannot assure that welfare per worker, as measured above, will always
increase when the economy opens up to trade, which is an important difference with the Melitz (2003)
model (see Appendix F). However, what we do know is that if at least one of the three above
mentioned factors (variety, aggregate productivity or average variable production cost) is sufficiently
“better” in the open economy setting than in autarky (that is, if at least one the first two factors is
sufficiently higher, or if the third is sufficiently lower), static welfare per worker will here too increase
when trade is allowed.

5.2 The Impact of Trade on the Reallocations of Market Shares and Profits Across Firms

This section examines the effects of trade on firms that employ different production technologies —
which may or may not be the same before and after the economy opens up to trade- and have different
market strategies and productivity levels. The focus still is in the equilibrium reached when ¢}, =
(pM* and @pc, = (pH*7 and consequently plLTLlCX = p%hcx =0 and plll;ltlcx = pglhcx =1

The analysis is carried out by contrasting the performance of a firm with productivity ¢ > ¢ before
and after the transition to trade®. We denote with 77 (¢) > 0 and % (¢) > 0 the revenue and profits
obtained by a firm with productivity ¢ who uses technology T in autarky. Because both in the closed
and open economy equilibria the aggregate revenue of domestic firms is exogenously fixed by country
TJ((/)) and M

size, e - represent respectively the firm’s total market share in autarky and in the open

T
economy (in this last scenario, T"’T@ represents the firm’s share of its domestic market).

The impact of trade on the market share of a firm who uses the same production technology T both in
autarky and in the open economy is rather simple and can be evaluated using the following inequality
(proof in Appendix G):

3 (@) <1 (@) <75 (9) +nri(e) Vo =™, i=lchc (83)%

The left-hand side of the inequality indicates that all firms incur a loss in domestic sales in the open
economy, which means all nonexporting firms will incur a total revenue loss as well —which is the
case of all firms using technology L, as none of them exports-. The right-hand side of the inequality
indicates exporting firms —all M and H users- will make sufficient extra sales abroad to more than
compensate for such domestic loss in market share, no matter if they are “Low-Commitment” or
“High-Commitment” exporters.

% The analysis relies on Melitz’s methodology, with the necessary ammendments to allow for the consideration of
technology choice and different export profiles.
87 Assuming o sufficiently high.
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The analysis of the impact of trade on the market share of a firm who used technology T® in autarky
and uses technology T in the open economy (T¢ is superior to T)68 is somewhat more complicated.
There are two possible cases here. The first is T* = M and T = L, and the second one is T* = H and
T=M.

In the first case the result is straightforward: because no firm using technology L exports, the former
user of technology M who downgrades to technology L must suffer a reduction of its total market
share, which is furthermore greater in magnitude than the loss suffered by a firm which was already
using technology L in autarky®. Regarding the second case, because 7 (¢) < /' (¢), it is possible
that former users of technology H who downgrade to technology M may experience as well a
reduction of their total market share, if 7M(p) < (@) + nril.(¢) <t (p) for some ¢. This
outcome is more likely if ¢j; is close to @™*, if the profit obtained by the least productive firm using
technology H in autarky is substantially higher than the profit obtained by the least productive firm
usingmtechnology M in the open economy, when fy is substantially higher than f;, and when t is
high.

Turning to the analysis of the reallocation of profits, once again we will distinguish between firms
who use the same production technology T both in autarky and in the open economy (Cases 1, 3 and
5) and firms who downgrade technology when the economy opens up to trade (Cases 2 and 4).

Case 1: Firms who used technology L in autarky and continue to use technology L in the open
economy. The change in the profit earned by a firm in this category who has productivity ¢ is given

by:
Amt () = mt(p) — mh(p) = 7 [rh(@) —TE(9)] (84)

Because in the open economy setting no firm using technology L exports, then total revenue is just
domestic revenue, which was previously shown to be lower than its autarky counterpart. Then, firms
in this category experience a profit loss.

Case 2: Firms who used technology M in autarky and downgrade to technology L in the open
economy. The change in the profit earned by a firm in this category who has productivity ¢ is given

by:

AmML(g) = b (p) = m (9) = [27E (@) = £i] = [Z7(0) = fu| = 27k (@) = fo = 27(9) + fu
= 2rb(@) =21 (@) — fi + fu = 2 [rh(@) = TH(@)] + [fu — f1 (85)

Profits are pulled down because 7% (@) < rt(p) < rM(¢p) and thus the term in the first bracket is
negative (and more negative than in Case 1). However, the term in the second bracket is positive, so
the overall result on profits for firms in this situation depends on wether the reduction in fixed
production costs is enough to compensate for the lower revenue they are getting in the open economy.

Case 3: Firms who used technology M in autarky and continue to use technology M in the open
economy. The change in the profit earned by a firm in this category who has productivity ¢ is given

by:

AT (@) = 7 (9) = 7l () = ~{[rd! () + nrfl ()] = 7 (@)} = mfilh, =

%8 Recall that as increased competition shifts upward the thresholds for entry to each production technology, in the open
economy firms will either continue to use the same technology as in autarky or downgrade to an inferior technology. For the
sake of simplicity it is assumed that firms may downgrade to the immediate inferior technology at the most.

% Because 1k (¢) < k(@) < tM(@).

" This is straightforward from equation (88).
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=M @) +nt=)] = 1M (@)} - nfit =
o—-1 o—1
= l{((p(f”*) O'(AM + fM)[1 + nTl—a] _ ((p‘/’;l) O'(A%a + fM)} — nflgc =
= {Ggiryees (42 + fu) + gtgms (A2 + o)t~ — 2 (Al + o) = il =

— no-1 { Af+fu (A +fau)nt' = Ada+fM} —nfM =
lex

B S N e N ¢
_1 (@Y +f)[14net=0] Al +f
= ¢ 1{( - ),,f’l}—nf?:x (86)"
M

The term between curly brackets is always positive because r (@) + nriL.(¢) > M (@), Vo =
@M*."? Consequently the profit change is an increasing function of the firm’s productivity level ¢.
Such profit change must be negative for the cutoff firm (with ¢ = ¢™*) because mj7, (¢™*) = 0 and
(M) < rM(M*). Therefore, some firms in this group will undoubtedly lose profits (those with
lower values of ¢) but there is still the possibility that at least some of the firms in this group can
actually experience an increase in their profits (if their productivity ¢ is high enough).

Case 4: Firms who used technology H in autarky and downgrade to technology M in the open
economy. The change in the profit earned by a firm in this category who has productivity ¢ is given
by:

™M () = 7" () =l (9) = [2rd (@)~ fur + n 21 (o) = nfilk| = [Frdl (o) —fi] =
E [ (@) (1 +nt' =) fi = nfilh] - [Frdl (0)- fH]

éw((l))(l +ntl” V—fu— nflcx __Ta ((p)‘l'fH =

[r (<p)<1 +ntl7%) — 1l (@)] + [fH —fu — nfil] =
o—1
= &[(q,&) o + fu)lt + 0] = (GF) a(Az’a + fH)] + U= fu = nfit] =
= [((pM*)g 1 (AM + fM) t ot @ M*)o’ 1 (AM + fM)nT 9 - o )a- (A + fH)] + [fH_fM - nflzcvgc] =

—1 [ Af+r A+ )Nt ™7 AL+
:(pa 1[ d M_|_(d M) da H]+[fH fM nflcx]_

(pM*)o-1 (pM*)o-1 (03)°
_1 |(af +fa)[14nct=] Al +f
= ot WSl ] Adatful | (g gy — ] (87)
(™) (‘PH)

Because firms in this group, unlike those who were already using technology M in autarky, may
indeed experience a reduction of their market share, an interesting outcome arises: every firm who
experiences a revenue loss, will experience as well a profit loss unless fy is so high it not only
overwhelms the fixed costs associated to the new situation (f), and nf;¥,) -which becomes more
unlikely the higher the number of export destinations-, but also more than compensates the revenue
loss —in all, an extremely unlikely outcome-. For the firms who will experience a revenue loss in the
new setting, such loss will be greater the higher the firm’s productivity parameter, which can be
interpreted as signaling that the shrinkage of their market share is “more painful” for those firms who
were doing better in autarky, as they fall to a disadvantageous position from a “higher” place.
However, firms in this group who do not experience market share shrinkage will see their profits
increase as their productivity ¢ increases, and may end up with higher profits than they had in autarky,
if their ¢ parameter is high enough.

o1 o—-1
™ Using 14-£22 i (p2) <;’;> and rJ (™) = o (AL + fr).

7T (@2) o

2 Assuming o sufficiently high.
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Case 5: Firms who used technology H in autarky and continue to use technology H in the open
economy. The change in the profit earned by a firm in this category who has productivity ¢ is given

by:

Artt (@) = 1t (9) -l (9) = ~{[rl (9) + nrft (@] - 7l (@)} — mfift =
= 2{[r (@)1 +nr=)] =7l (@)} — nfill =

= () ol + i+ ne 1= (2) o(ally + f)} - it =

o (pH*

_ [ et H A H - @7t 4H H _

- {((pH*)a—1 (Ad + fH) + (pH")o-1 (Ad + fH)nTl 7 - ((p;{)ff—l (Ada + fH)} - nfhcx =

— 0-_1{ Ag+fH (Ag+fH)n‘L'1_‘7 _ Aga"'fH}_an —

(pH*)o-1 (pH*)o-1 ((P;.I)U_l hex
H 1-0 H
= o1 (44 +fH3[1+_':T 1 _ Ada"'ﬂf_Hl —nfl (88)
(@™)° (oi)

The term between curly brackets is always positive because 7 () + nril () > 1 (p), Vo =
@"*."® Consequently the profit change is once again an increasing function of the firm’s productivity
level . Because the cutoff firm (with ¢ = @*) earns strictly positive profits in the export market —as
il (o) > nl (o) > nM . (pM*) = 0-, it is actually possible that no firm amongst this group
experiences a profit loss, if the export profit earned by the cutoff firm is high enough to guarantee

irf(go”*) +n Er{;’x(ga”*) - fl‘;’x] > irf (@™")." If this were not the case, then some firms in this

group (those with the lowest values of ¢) will lose profits, while the rest (from a certain ¢ and
upward) will see them increase.

Summing up, the firms that in the open economy setting produce with technology L are always worse
off than in autarky in terms of market share, and to a greater extent if they were former users of M in
autarky. In terms of profits, they are always worse off if they were already using L in autarky, and are
likely to be worse off too if they were using M in autarky (unless fy, is substantially higher than f;, to
the point that it more than compensates for the revenue loss). Meanwhile, firms that in the open
economy produce with technology M will be better off in terms of market share if they were former
users of that same technology in autarky, but may actually lose revenue —and in such case, also profits-
if they were former users of technology H. In fact, even though profits may decrease or increase in
both cases, in the first case —former users of M who continue using M- the firms more at risk of such
profit loss are those with lower productivites among the group, while in the second case —former users
of H who have downgraded to M- the profit loss accompanying revenue loss will be bigger for firms
with the largest productivities among the group, precisely because they were doing better in autarky —
thus, they have more to lose-. Finally, firms using technology H in the open economy not only always
see their market share increase, but also are more likely to also see their profits increase, and under
certain circumstances’ it is even possible that all firms in this group will experience an increase in
their profits. The bottom line is that among firms who remain in the same technology group they
belonged to in autarky, the more efficient ones always do better both in terms of market share and
profits, while at the same time firms who have downgraded technology are at a disadvantage
compared to those who have not.

6. Final Considerations

The model shows that, given its idiosyncratic productivity distribution g(¢), the industry will achieve
a more favorable aggregate result —in terms of higher aggregate and average revenue and profits and

8 Assuming o sufficiently high.
™ It is straightforward that the higher n is, the more likely this will be the outcome.
" Depending on the value of parameters and the shape of the distribution g(¢).
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also in terms of welfare per worker- the higher the number of firms in it whose idiosyncratic
productivity surpasses the thresholds for the adoption of technologies M and H, beyond what can be
attributed to the increase in industry average productivity. The reason is that to be in grade of taking
advantage from the technical progress embodied in the higher quality intermediate capital goods used
in technologies M and H and from the higher relative efficiency of the labor factor employed in them,
the individual firm needs first to adopt such technologies, which will only be able to do if it possesses
a high enough idiosyncratic productivity ¢. Consequently, if there are in the industry many firms
whose productivity ¢ lies above the thresholds for the adoption of the superior production
technologies (that is, if its distribution g(¢) is skewed towards the high values in the domain), the
introduction of technology choice in the model (which opens up the possibility of adopting a superior
production technology if a certain standard is met —that is, if the firm has a sufficiently high ¢ — leads
to an increase in revenue and profits, both for the individual firm holding the required ¢ and for the
industry as a whole, as total and average revenue and profits increase. Welfare per worker also
increases. On the contrary, if there are in the industry many firms whose productivity ¢ lies below the
above mentioned thresholds (that is, if its distribution g(¢) is skewed towards the low values in the
domain), then the introduction of technology choice in the model leads only to a slight increase in
welfare, revenue and profits, as very few firms will be in grade of adopting the superior technologies.
Finally, if no firm in the industry is productive enough to adopt any of the superior technologies (that
is, if the corresponding thresholds are too high to be relevant), then the results of the model are
identical to those obtained prior to the introduction of technology choice: as no firm is in grade to
choose any of the newly introduced technologies, the situation is virtually the same as if technology
choice had not been introduced.

The heuristic explanation behind these results is that firm actual productivity has two components: on
the one hand, idiosyncratic factors (which are captured by the parameter ¢ and cannot be modified —at
least in the context of this model-, and on the other hand, the quality —that is, the efficiency- of the
inputs used for production (namely, the quality of the intermediate capital goods and the qualification
of the labor employed). If we added to this that in the real world it is reasonable to think that in the
medium or long run the quality of the technology used exerts an influence on the firm’s idiosyncratic
productivity —a possibility that in the present model is excluded-, this would lead to the emergence of a
virtuous circle (if the industry is characterized by a distribution g(¢) skewed towards the high values
in the domain) or a vicious circle (if the industry is characterized by a distribution g(¢) skewed
towards the low values in the domain).

The present model shares Melitz’s result that when the economy opens up to trade, increased
competition reallocates market shares toward the more efficient firms, thus forcing the least productive
ones to exit, as they can no longer make nonnegative profits. The productivity threshold to enter the
industry rises and therefore so does average productivity “at the factory gate”. However, because
exporters actual productivity when they arrive with their variety in the export destination is corrected
downward to capture the effect of transport costs, and in the case of “High-Commitment Exporters” it
is also corrected upward to capture the effect of their additional trade-related fixed investments, it
cannot be assured that aggregate productivity @, will actually increase, even though the higher the
fixed export costs fiL,., fi"., and the effects of additional trade-related fixed investments 3y, and the
lower the transport cost t, the greater the chances that @, will be higher than the aggregate
productivity in the closed economy setting, thus promoting an increase in aggregate welfare. On other
grounds, even though the number of domestic firms decreases in the open economy, the total number
of incumbent firms Z;, is likely to increase, leading as well to higher aggregate welfare due to
increased variety.

Another important result is that the thresholds to enter each of the production technologies (that is, not
only the threshold to enter L, but also those for entry to M and H) rise when the economy opens up to
trade. This is because the shrinkage of their market share forces some firms who were using these
technologies in autarky to downgrade to an inferior technology, as their sales in the open economy
setting are no longer large enough to amortize the per period fixed cost corresponding to the
technology they had been using in autarky. So they sell their equipment and buy another less costly in
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order to continue obtaining nonnegative (and the highest possible) profits’®. This way, some former
users of technology H become users of technology M, some former users of technology M become
users of technology L, and some former users of technology L are forced out of the market, as they
can no longer obtain nonnegative profits with any of the available production technologies. This
results in an increase in each technology T average productivity, and consequently also in its average
per firm revenue and profits. The absolute number of domestic firms using technology H undoubtedly
decreases in every country, but as the total number of domestic firms decreases as well, it is not
possible to anticipate —without making further assumptions on the shape of the distribution g(¢) and
on cost parameters- if the proportion of firms using technology H (which is the relevant thing for the
determination of average variable production cost) actually decreases, remains unchanged or even
increases, and the same applies to technologies M and L. So regarding the component of static
production efficiency which relies on the quality of the inputs used, the result is indefinite in the
general case. In the particular equilibrium in which we have focused (with pf,;., = 0 and p¥, . =
ph .. = 1), it can be readily noted that the proportion of firms using technology L among all the
firms competing in each country (domestic and foreign) decreases as the number of trading partners n
rises because all the firms exporting to the home country are users of technologies M or H.
Consequently, unless the proportion of firms using technology L among surviving domestic firms rises
significantly when the economy opens up to trade, then the overall outcome will be a decreased
participation of technology L users in the total number of firms (domestic and foreign) competing in
each country, thus conducing to a lower average variable production cost and price.

As a result of all this, we cannot assure that static welfare per worker will always increase when the
economy opens up to trade, which is an important difference with the Melitz (2003) model. However,
what we do know is that if at least one of these three factors (variety, aggregate productivity or
average variable production cost) are sufficiently better in the open economy setting than in autarky
(that is: if at least one of the first two is sufficiently higher, or if the third is sufficiently lower), static
welfare per worker will here too increase when trade is allowed. Meanwhile, dynamic welfare (based
on the capacity of the country to absorb technical progress —which in the context of this model is done
by means of using better quality capital goods in production) will increase if the proportion of
domestic firms using the superior production technologies rises, especially if technology H becomes
more widely adopted among domestic firms, and will decrease otherwise. Therefore, the outcome
regarding dynamic welfare will depend exclusively on the value of parameters (which may be
influenced by trade agreements and policy) and the shape of the distribution g(¢). When it comes to
individual firms’ performance, the more efficient ones among those who remain in the same
technology group as in autarky always do better both in terms of market share and profits, while at the
same time firms who have downgraded technology are at a disadvantage compared to those who have
not. An increase in profits is in all cases more difficult to achieve than an increase in market share.

Besides all the previously stated, an interesting additional result of the model, which stems from the
way in which entry to the industry and to each alternative production technology are modeled
(implying the existence of a “sort of insurance” to cover up from a greater loss in case the firm does
not achieve a successful entry), a portion of the resources generated by the industry as a whole will
always be absorbed by the most primitive production technology, with the consequence that this will
never completely disappear —even if it shrinks- and, besides, it will almost always absorb more
resources than it generates. In other words, whichever the equilibrium the industry may reach on the
basis of its distribution g(¢), it will always involve the transference of resources from the superior
technologies toward the most primitive technology, unless of course no firm possesses a sufficiently
high productivity ¢ to use a production technology other than the most primitive. If this last case
would materialize, then all of the industry’s resources would be generated and absorbed by the most
primitive production technology, reproducing the result obtained in Melitz (2003) and blocking the
possibility of increasing welfare as well as individual and average revenue and profits by means of
utilization of better quality production inputs.

® Remember no depreciation is assumed.
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Finally, it is worth noting that despite the model presented in this paper does not require that the
superior technologies employ import capital goods —it is only required that the quality of the capital
goods they employ be superior-, if we look at it in the light of the ideas cast in the introduction, then
its results can be reinterpreted in the context of the problem of international technology diffusion.
More precisely, it is possible to think that the country of origin of the intermediate capital goods
employed in each alternative production technology is determinant of such goods’ quality, being this
higher the shorter the distance between the technology frontier belonging to the country where the
capital good in question was produced and the world-technology-frontier. This highlights the crucial
influence that a country’s trade policy, including the choice of its trading partners, may exert over the
productivity level it will be able to achieve, and consequently over its growth trajectory.

Because the results of the model are conditional on the shape of the exogenous productivity
distribution g(¢) and can vary depending on the value of supply and demand side parameters, an
interesting extension would be to carry out computer simulations specifying different possible
distributions —allowing as well for different skews- and value parameters. This could also allow
establishing if and under which parameter restrictions an equilibrium in which firms sharing a certain
export status do not necessarily share as well the same production technology could materialize.
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8. Appendixes
Appendix A: Aggregation Conditions in the Closed Economy

The aggregate price, quantity, revenue (or expenditure) and profits can be derived using the expression of average industry
productivity @ in (29).
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Derivation of the aggregate quantity Q:
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Appendix B: Existence and Uniqueness of the Cutoff Level @71 (Closed Economy Equilibrium)

The equilibrium for each technology T is determined by the intersection of the FET and ECPT curves. Therefore, for each
technology, if it can be demonstrated that this intersection will actually take place, then the existence of equilibrium in that
technology is proved. If, additionally, it is demonstrated that such intersection occurs only once, uniqueness of such
equilibrium is also proved.

Technology L:

L
FE' = ECPH o It = £ () © [6(0M) = G(@)]fy kh(p) = 8, £ for some pe(0, pM").
The largest value of the left-hand side of the above expression is obtained when ¢ — 0:

im[G(o™") = G(@)]fiki(9) =
The smallest value of the left-hand side of the above expression is obtained when ¢ — @*:
m, [6(e™) = G(@)]fikg(p) =0
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Because [G(oM*) — G(@)]f,k5(¢) is continuous and monotonically strictly decreasing from infinity to zero in the interval
(0, ™M), it can be assured that some ¢ exists so that such expression equals the constant &, f,£. The existence and uniqueness
of equilibrium in technology L in the closed economy is therefore demonstrated.

Technology M:
Sufs
FEM = ECPM & =Mt 61, (£ — f4) = [A4 1Y (0) + fuklf ()] &
o [G(e") — G HIAL he! (@) + fukd (@] — Su(f — £5)} = Sufe for some pe(p™*, ™).
The largest value of the left-hand side of the above expression is obtained when ¢ — @L*:
[G (") — G@AT h (@) + fuukd (@] = Su (£ — £}

=[G(p") = G(e" )AL Y (") + fukd (0] = u (f = £}
The smallest value of the left-hand side of the above expression is obtained when ¢ — ¢f*:
wljrggly,[G (9" = G NIAY R (@) + fukd ()] = Sy (f — f} =0

We can assure [G(p"*) — G(@)I{[A¥ Y (¢) + fuk¥ ()] — 8 (FM — £} is continuous and monotonically strictly
decreasing from [G(p"*) — G (@™ ){[A¥RY (0'*) + furkY (0*)] — S (£ — £1)} to zero in the interval (p*, #*) so
long AY > 6, (FM — £F), that is, so long the profit obtained by the least productive firm using technology M is as least as
big as the difference between the entry cost to technology M and the entry cost to technology L, multiplied by the probability
of being hit by the bad shock and driven out of the market for any firm that is using technology M. In such case, as long as
Suft < [6(0"*) — G(@*)H{[AY Y (@) + fukM (9*)] — 8, (FM — £1)} it can be assured that some ¢ exists so that
[G(p"") — G(@)I[AY Y (9) + fuk¥ ()] — S (£ — £1)} equals 8y f.k. Under the above mentioned restrictions, the
existence and uniqueness of equilibrium in technology M in the closed economy is therefore demonstrated.

lim
ol

Technology H:

L
FEM = ECP! & 20ee i 5, (11 — f£) = [A5R (0) + fukl{ (9)] &
o [1 = G(@NIAGRG (@) + fukd (©)] = 84 (f* = f&)} = S f or some pe(p™*, ).
The largest value of the left-hand side of the above expression is obtained when ¢ — @™*:
ﬂfﬁ‘w[l = G@NHIAGRE (@) + fukd (@] = 85 (f = £} = [1 = G(@")[AGhd (0™ + fukd (0™ )] = 84 (£ — £}
The smallest value of the left-hand side of the above expression is obtained when ¢ — co:

(})iggo[l = G(@NIALRI (@) + fukd (P)] = 6 (f = f} =0

We can assure [1 — G()]{[AHRH (@) + fukl ()] — 64 (£ — £F)} is continuous and monotonically strictly decreasing
from [1 — G(e")I{[AZRHE (0M*) + fukH (@M)] — 6y (£ — £} to zero in the interval (pM*,0) so long AH >
Sy(fF — £5), that is, so long the profit obtained by the least productive firm using technology H is as least as big as the
difference between the entry cost to technology H and the entry cost to technology L, multiplied by the probability of being
hit by the bad shock and driven out of the market for any firm that is using technology H. In such case, as long as &, f* <
[1—=G(@")[AERE (M*) + fukH (@M)] — 64 (fF — £} it can be assured that some ¢ exists so that
[1 - G(@[AERE (@) + fukH (©)] — 6y (FH — £1)} equals §,fL. Under the above mentioned restrictions, the existence
and uniqueness of equilibrium in technology H in the closed economy is therefore demonstrated.

Appendix C: Aggregate Labor Resources Used to Cover the Export Costs
The ratio of new “Low-Commitment Exporters” who use technology L to all “Low-Commitment Exporters” who use

L L
technology L is pi"‘f"—pizz@ = §, because the Aggregate Stability Condition for technology L implies pk,Z, = &,L.
inlex:
Analogously, the ratio of new “Low-Commitment Exporters” who use technology M to all “Low-Commitment Exporters”
M M
who use technology M is ”""ﬁ;"—”""zﬂ = )y and the ratio of new “High-Commitment Exporters” who use technology M to all

inlex

M M
“High-Commitment Exporters” who use technology M is 2zkePin?e — 5 hecause the Aggregate Stability Condition for
inhcx
technology M implies p¥ Z, = 6,,M. Finally, the ratio of new “High-Commitment Exporters” who use technology H to all
H H
“High-Commitment Exporters” who use technology H is p”"_;,%pi;z‘" = 8y because the Aggregate Stability Condition for

technology H implies p# Z, = 6,H.

Appendix D: Comprehensive Measure of Aggregate Productivity in the Open Economy
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Appendix E: Existence and Uniqueness of the Cutoff Level @™ (Open Economy Equilibrium)

For the sake of analytical simplicity, the existence and uniqueness of equilibrium in each production technology in the open
economy setting will be demonstrated for the particular case in which ¢j., = ¢™* and ¢}, = ¢*, and consequently
Dhiex = PMnee =0 and pM,.. =pH,.. =1, as it can be considered a limiting case in which the plausible ordering of
productivity thresholds ¢! < @i, < @M* < @f., < @™ is maintained. Nevertheless, the generalization of this
demonstration to prove the existence and uniqueness of equilibrium in each production technology in any other case in which
all the firms using the same production technology share as well the same status regarding the export markets is
straightforward.

Technology L:

L
FEL = ECPL o o [k (01)  [6(0") — G(p)Ifikh () = 6,2 for some pe(0, ).
The largest value of the left-hand side of the above expression is obtained when ¢ — 0:

(lpiLr})[G(an*) - G(@]f k(@) =0
The smallest value of the left-hand side of the above expression is obtained when ¢ — @™*
wl_i}r(le*[G((pM*) - G(@f k(@) =0

Because [G(¢M*) — G(@)]f,k5(¢) is continuous and monotonically strictly decreasing from infinity to zero in the interval
(0,™M*), it can be assured that some ¢ exists so that such expression equals &, f,. The existence and uniqueness of
equilibrium in technology L in the open economy is therefore demonstrated.

Technology M:
L
FEM = ECPM < [G((’ji‘;iiec((p)] + 6M(feM - feL) = [AMhM(<P) + kacliw((P)] + n[Alcx lcx((p) + flcxklcx((p)]
o[ Ew”’z — G(@NIAL hl (@) + fukd ()] + n[AfLhitx (@) + fitckiex (@)1 = Sy (F = )} = 6uf for  some
pe(p™”, o).
The largest value of the left-hand side of the above expression is obtained when ¢ — @~
(plirgL,[G (") = G(@HAL he (@) + fukd (@) + nAl kil (@) + nflcxklcx((p) Su(f =1} =

= [G(<pH*) - G((pL*)]{AZIh)‘d/I((pL*) + kazliw((pL*) + nAlcx lcx(‘pL*) + nflcxklcx(q)“) 6M(fe /‘;&L)}
The smallest value of the left-hand side of the above expression is obtained when ¢ — @**:

llm G(9™) = G(@HAL hg (@) + fukd (@) + nAilchit, (9) + nficckic (@) — Su(fM = £} =0

We can assure [G(0"") = G(@HAL Y (9) + fukd (9) + nAlhid (@) + nfighkid, (9) — 8y (f = f/)} is continuous
and monotonically strictly decreasing from  [G (™) — G (@ ){AY hY (@) + fu k¥ (p**) + nAM A (o) +
nfM M (o) — 6 (FM — £1)} to zero in the interval (¢, ") so long AY + nAl, > 6, (fM — £1), that is, so long the
profit obtained by the least productive firm using technology M in the open economy is as least as big as the difference
between the entry cost to technology M and the entry cost to technology L, multiplied by the probability of being hit by the
bad shock and driven out of the market for any firm that is using technology M. In such case, as long as &y f.k <
[G(0"*) = G(@") AT hyf (") + fuky (9*) + nAllh zcx(<pL*) + nfi kit (") — 8, (f — £}, it can be assured that
some ¢ exists so that  [G(¢"") — G(@)HAY hY () + fuk!¥ (@) + nAM hIL.(0) + nfi¥ ki () — 8y (£ — £1)} equals
SufE. Under the above mentioned restrictions, the existence and uniqueness of equilibrium in technology M in the open
economy is therefore demonstrated.
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Technology H:

Sufk
FEH = ECP" & [1—HG]Z<p)] + SH(feH - fe )= [AHhH(fp) + fHkg((ﬂ)] + n[Ahcx hcx((p) + fhcxkhcx((p)]

[1 - G((p)]{AHhH((p) + fHk (</)) + nAhcx hcx((p) + nfhcxkhcx((p) 6H(fe - f )} - 5er for some (pe((pM* oo)
The largest value of the left-hand side of the above expression is obtained when ¢ — @M*:

‘pl_i}(;lm»«[l - G(‘f’)]{AghaI ((P) + fszI;((p) + nAZcxhiﬁch((P) + nffﬁxklljcx(go) - 6H (feH - feL)} =
= [1 = G(p"){Adhg (™) + fukd (@™*) + nAL chiicx (0™) + nfitkhier (M) — 61 (£ — £}
The smallest value of the left-hand side of the above expression is obtained when ¢ — oo:
(/1,21010[1 - G(@)]{Aghg((p) + fHkg((P) + nAhcx hcx(QO) + nfhcxkhcx((p) ‘SHQCB - feL)} =0

We can assure [1— G(@){AGh{ (@) + fuk{ (@) + nAfl . i, (¢) + nfhcxkhcx(fp) 8y (f' — f)} is continuous and
monotonically strictly decreasing from [1 — G (@M*)]{A4hH (pM*) + fukH (@M*) + nAl I (™" + nfill ki (M*) —
JHfeH—/fel 1o zero in the interval g7+ 00 so long AdH+nAkc/>H e/ —/el, that is, so long the profit obtained by the
least productive firm using technology H in the open economy is as least as big as the difference between the entry cost to
technology H and the entry cost to technology L, multiplied by the probability of being hit by the bad shock and driven out of
the market for any firm that is using technology H. In such case, as long as 8yff < [1— G(eM)]{AHAH (pM*) +
JSHkdH oM+ nAhcxlhlicyHpM+nflicxHihcxHpM+«—J5Hfe/—fel, it can be assured that some g exists so that
[1 - G(@)HALRE (@) + fukll (@) + nAl  hE. () + nfifl Kl (9) — 84 (£ — f)} equals 6yfF. Under the above
mentioned restrictions, the existence and uniqueness of equilibrium in technology H in the open economy is therefore
demonstrated.

Appendix F: The Impact of Trade on Aggregate Welfare

Welfare (W) per worker, both in Autarky and in the Open Economy is measured by real per capita income/expenditure,
which is obtained dividing aggregate real income (or revenue), g, by the number of workers constituting the labor force in the
home country, U + S. By its definition R = PQ and at the same time aggregate revenue adds up to total payments to the labor
force (R = U + S), which yields W = % = 1 . Thus:

Z1-op
1 1

1
-1 > choseda 1

Wopen > Wclosed « Zt

e

pclased

Appendix G: The Impact of Trade on the Reallocation of Market Shares and Revenues

Technology L: proof that r5 (@) < r5(@), Ve = ¢**
Recall that rt(p) = (ﬂ)g_l 17 (o) = (ﬂ)d_l of., Ve =¢;/" Recall also that 7j(p) = (i)d_l rk(pl?) =
a ‘ﬂ;. a L </77_ L» L d (pz_* d

o-1
(ﬁ) of,, Vo = ¢ ."® Because ¢} < @'*, this immediately yields r} (@) < 7% (@), Vo = ¢**

Technology M: proof that ¥ (¢) < r¥ ((p) <M (@) +nril (@), Vo = ™"
Left-hand side of the inequality: proof that 7}/ (@) < rM(¢)

o-1 o-1
Recall that  7M(p) = ((:i ) ™ (i) = ((pii) (A + fu), Vo = 5" Recall also  that
M M

-1 -1
g () = (L)lr i (M) = (L*)lr a(AY + fi ), Y = ¢"** On the one hand @}, < ¢™* and on the other hand it

may be AY. < AM. However, due to the way each factor enters the equation, assuming o is sufficiently high this will
yield g (<p) < raM (@), Vo = ™.

1-o
Right-hand side of the inequality: proof that 7M(¢) < r} (@) + nri.(¢) = ri(e) [1 +n T ) ] =r(p)[1+

nrl—o

It is straightforward that r}(@)[1 + nt'~7] decreases as t increases. Because the autarky equilibrium is obtained as the
limiting equilibrium as t increases to infinity, then 7M(¢) = lim,_, 7} (@)[1 + nt1™?]. Thus 1M (p) <} (p)[1+
nrl—ofor any finite z.

L o—-1
" using 5= () o
e 2 - (2)

M o-1
P using i = () .
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Technology H: proof that rff (@) < r# (@) < r(¢) + nr (@), Vo = ¢
Left-hand side of the inequality: proof that rf (o) <rf(p)

o—-1 o-1 o-1
Recall that 7' () = () #ll(pi) = (2)  o(Alla + fu ). Vo = 0}, Recall also that r (p) = (%) 7l (9" =
o-1 ou on @
((p":,*) o(A + fy ), Vo = @™** On the one hand ¢}; < ¢™* and on the other hand it may be A%, < A#. However, due
to the way each factor enters the equation, assuming o is sufficiently high this will yield (go) <rH(p), Vo = "~

1
Right-hand side of the inequality: proof that 7 (@) < rl (@) + i, (0) = i () [1 +n 1+B ) U]
hc

1-0
It is straightforward that rf (¢) [1 +n ) ] decreases as ( v ) increases, which will happen so long © > 1 + ..

1+/3

1_
On the contrary, 72 () [1 +n 1+ e ) U] increases if ( ) decreases, which will happen if 7 < 1 + .. Because the
autarky equilibrium is obtained as the limiting equilibrium as T increases to infinity —while the hlghest p055|ble value for By,

1—
is A, a finite positive number-, then (@) = lim;,e rf (@) [1 +n 1+B ) U]. Thus

(o) <rli(p) [1 +n _0] for any finite T (whatever By.).

1+B

81y 1 & (p) e\t
Usin ==
9 i en) («J&) .
H o—
82 | 1ai ra(p) _ (@
Using r;'(qu*)_(_q;H*) .
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